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A NEW FORII OF DISCHARGER FOR SPARK SPECTRA 
OF SOLUTIONS. 


By L. M. DENNIS. 





Received November 10, 1897. 


M ANY forms of dischargers for examining the spark spectra 


of solutions have been described, but all of those with 
which the writer is acquainted possess disadvantages that 
seriously impair their value. 

To prevent the spattering of the liquid upon the slit of the spec- 
troscope the terminals are, in some cases, surrounded by a glass 
tube. If a spark of even moderate intensity be used, the liquid 
which is thrown against the walls of the tube soon cuts off most 
of the light and obscures the spectrum. It is then necessary to 
disconnect the discharger and to thoroughly clean the walls of 
the tube, an operation wasteful both of time and material. 
Others recommend that the glass tube be abandoned and that 
free terminals be employed. In this case it becomes necessary 
to place the spectroscope at some distance from the discharger to 
avoid the spattering of the liquid againt the slit. Again, if 
the observations are at all prolonged, the liquid in the discharger 
is soon used up to such an extent that the lower terminal 
becomes too dry to give a brilliant spectrum. The discharger 
must then be refilled. 

These difficulties are obviated by the following device which 
we have been using for the past year. No striking originality 











2 DISCHARGER FOR SPARK SPECTRA OF SOLUTIONS. 


is claimed for it, and the chief excuse for here describing it is 
furnished by its usefulness. 
The lower terminal consists of a platinum wire x and the 
graphite cone c. The cone is bored as shown to permit of its 
being slipped over the end of the platinum wire, 
s and the upper end of the cone is allowed to pro- 
ject slightly above the end d of the glass tube e. 
The platinum wire passes through a small glass 
tube, the upper end of which is fused together 
about the wire. This tube is held in place by 
a small cork. The remainder of the apparatus 
is made of glass tubing of the form as shown. 
The upper end of m is drawn out so that there 
may be slipped over it a piece of rubber tubing 
small enough to hold the tube s. To fill the 
apparatus, the tube s is removed, the discharger 
is inclined to the left, and the liquid is run in at 
the upper end of m. s is then inserted and 
pushed down nearly to the bottom of m. Upon 
now bringing the apparatus into the upright 
position, the liquid in the side arm ¢ will rise 
until on a level with the lower end ofs. s is 
then carefully drawn up until the liquid in e has 
risen to the point d. As the liquid is evaporated 
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by the spark at the terminal c, it will be maintained at the level 
d by the entrance of air through the lower end of s, and this will 
continue until the liquid in ™ has fallen until about on a level 
with d. 

The employment of terminals made from Ceylon graphite was 
first suggested by Hartley,’ who used pieces shaped like a wedge 
and made contact between the platinum wire and the carbon 
cone by wrapping the wire around the cone. The form here 
suggested permits of an easy removal of the terminal and its 
replacement by an electrode of other material. Ifa platinum 
terminal is desired, the carbon cone is removed and the glass 
tube carrying the platinum wire is pushed up until in the proper 
position. 

1 Trans. Royal Society, 175, 52. 
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VINEGAR ANALYSIS. 3 


The form of discharger above described leaves the terminals 
free and exposes the slit to spattering. This difficulty is 
removed by simply covering the slit with a glass microscope slip 
of suitable size. We use a slip three inches long by two wide 
and about one-sixteenth of an inch in thickness, and hold it in 
place by two rubber bands. If the glass becomes spattered, it 
can easily be wiped clean or replaced by a clean slip. 

The upper terminal, which is not shown in the figure, consists 
of an insulated platinum wire or a graphite cone, around which 
the wire is wrapped. 


CORNELL UNIVERSITY, 
October, 1897. 





[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF CASE SCHOOL OF 
APPLIED SCIENCE. NO. 30.] 


VINEGAR ANALYSIS AND SOME CHARACTERISTICS OF 
PURE CIDER VINEGAR. 


By ALBERT W. SMITH. 
Received November 17, 1897. 


HE laws of Ohio, copying the food laws of several older 
states, require, among other things, that apple or cider 
vinegar to be sold in the state shall contain at least two per cent. 
of cider vinegar solids. Asto the chemical composition of what 
constitute the solids of pure cider vinegar, very little has been 
published. The Analyst for May, 1891, contains some analyses 
of pure malt vinegar and the prosecution, in 1893, of several 
cases in the courts of England, by the food inspectors against 
dealers in distilled and wood-acid vinegar, attracted considera- 
ble attention in that country to the subject of the chemical com- 
position of vinegar and methods of distinguishing from each 
other the several kinds of vinegar upon the English market. 
Some valuable data were published by Allen and Moore,' espe- 
cially concerning the character of vinegar made from grain. 
From the discussion of the question by the Society of Public 
Analysts’ it appears that the English vinegar market is largely 
supplied by products made from distilled alcohol and from 
malted or unmalted grain. In this country the principal sources 
of vinegar are from apple cider and from distilled alcohol, the 


1 Analyst, 18, 240; and 19, 214. 
2 Analyst, 18, 180 and 240; 19, 8 and 33. 
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latter being usually made from maize and malt. Almost all of 
this distilled or spirit vinegar, which is originally nearly color- 
less, is colored by caramel in imitation of the color of cider and 
malt vinegar. 

The chemical distinction between cider and spirit vinegar, 
when pure, offers little difficulty. The cider vinegar, except 
that made from early summer apples, is of a dark brown color, 
contains from two and a half to four per cent. solids and 0.30 to 
0.50 per cent. ash, and when old has a pleasant, fragrant odor 
and characteristic taste. The distilled vinegar contains little 
solid matter and almost no ash, with little taste or odor besides 
that imparted by its acetic acid contents. The caramel used in 
this coloring is usually made by burning or caramelizing glu- 
cose or from an aqueous extract of charred grain. Although 
many manufacturers stoutly contend its use to be to impart 
flavor and ‘‘body”’ to the vinegar, the palpable and sole object 
of the coloring process is to enable the unscrupulous dealer to 
sell the product for ‘‘ pure cider vinegar’’ or ‘‘ pure malt vine- 
gar,’’ which, to my personal knowledge, was the all too com- 
mon practice in Ohio until the statutes against food adulteration 
were vigorously and honestly enforced. 

The chemical distinction of the source of a sample of vinegar 
must depend largely upon the quantity and composition of its 
solid constituents. The organic portion of these solids would 
seem to offer an excellent opportunity for differentiation, in its 
maleic and succinic acids, glycerol and sugar contents, and the 
accurate determination of these would undoubtedly furnish the 
most valuable basis for judgment. At present, however, the 
methods in use for the determination of each of these are so 
tedious and, in the end, so unsatisfactory, that the mineral con- 
tents of the ash afford a more advantageous and practical 
method for the public analyst. 

The ash of cider vinegar differs from that of most other kinds 
in a number of characteristics, only a few of which have hereto- 
fore been pointed out.’ 

The first peculiarity to be noticed is that the ash from cider 
vinegar commences to volatilize and is fusible at a comparatively 


1 Allen; Commercial Organic Analysis, 1, 389; Cox: Analyst, 19, 89. 
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low temperature. If the ash fuses before all the carbon is 
burned, particles of this are apt to become enclosed and then to 
resist further oxidation. To prevent this it is best to evaporate 
and burn small quantities at a time (not to exceed ten cc.), and 
to keep the temperature as low as is consistent with complete 
oxidation. A low red heat must not be exceeded, else loss by 
volatilization occurs. 

A second qualitative difference is the fact that the ash from 
pure cider furnishes a potassium flame unobscured by sodium 
light, which is usually not the case with a vinegar containing 
much added natural water, as imitations usually do. 

The ash of cider vinegar differs quantitatively from others so 
far examined in being quite low in chlorides and sulphates, and 
high in alkaline carbonates and phosphates. A determination 
of each of these is quickly and easily made by volumetric meth- 
ods and the results afford data from which reliable conclusions 
as to the genuineness of the sample may be drawn. About two- 
thirds of the phosphates of pure cider vinegar ash are soluble in 
water. In the ash of other vinegars upon the market a much 
lower proportion of the total phosphates is soluble in water, and 
the addition of natural water containing lime or magnesia, to 
pure cider vinegar, reduces this proportion of soluble phosphates, 
by converting potassium into alkaline earth phosphates. 

The complete analysis may be conveniently carried out as 
follows: For solids, five to ten grams are evaporated in a flat- 
bottomed dish and dried to constant weight in a water oven. 
For total acidity five grams, diluted to about fifty cc., are titra- 
ted with standard alkali, using phenolphthalein as indicator. 
The result is usually reported as acetic acid, without attempting 
to separate this from the small amounts of other organic acids 
present. 

For ash, ten grams are dried and burned in a crucible, using 
the before-mentioned precaution of a low temperature. This is 
weighed and dissolved, and the solution tested qualitatively for 
color of flame and presence of sulphates and chlorides. Unless 
these are excessive, as compared witha sample of known purity. 
they need not be determined quantitatively. 

For alkalinity of ash and proportion of phosphates, twenty-five 
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grams are dried and burned, the ash extracted repeatedly with 
hot water, and the aqueous solution titrated with standard acid, 
using methyl orange as indicator. The undissolved residue of 
ash is then treated with nitric acid, the solution partially neu- 
tralized, and the phosphorus in each solution separately precipi- 
tated by molybdate solution, the yellow precipitate dissolved in 
ammonia, reduced with zinc and sulphuric acid, and titrated 
with standard permanganate solution. 

All colored samples should be tested for coloring-matter, which, 
in imitation vinegars, is most commonly caramel. To test for 
this, mix five to ten cc. of the sample with about twenty-five cc. 
paraldehyde, and add alcohol until the three liquids become 
soluble. After standing twelve to twenty-four hours, the cara- 
mel will separate as a sticky, dark-brown precipitate, which, 
after washing with a little absolute alcohol, has the characteristic 
bitter taste of caramel, and reduces Fehling’s solution freely. 

TWENTY-TWO SAMPLES PURE CIDER VINEGAR. 
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TWENTY-SEVEN SAMPLES CIDER VINEGAR CONTAINING ADDED WATER OR 
ADDED SPIRIT VINEGAR SOLD IN OHIO MARKETS. 
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In columns 1, 3, 5, and 8 of the accompanying tables, results 
are stated as grams per 100 grams of the sample. In column 4 
are given the number of cubic centimeters of decinormal acid 
required to neutralize the filtered water solution of the ash 
derived from 100 grams ofthe vinegar. In columns 5 and 6 are 
the number of milligrams of phosphorus pentoxide (P,O,) res- 
pectively in the water solution andthe water insoluble portion of 
the ash derived from 100 grams of the sample. Column 7 con- 
tains the sum of these two quantities, or the total phosphorus 
pentoxide. In column 8, what Hehner'’ calls ‘‘ original solids’’ 
are given. These numbers are obtained by multiplying the 
acetic acid quantities by 1.5 and adding to this the total solids. 
It is assumed by Hehner that three parts of sugar by alcoholic 
and acetic fermentation yield two parts of acetic acid, this being 
approximately the theoretical quantitative relations : 


Ca. => 2C,H,OH Saad 2B... 
180 120 


Hence, by increasing the acetic acid in the ratio of two to 
three, we get approximately the theoretical quantity of sugar 
from which it was produced. By adding to this the amount of 
solids still remaining in the vinegar, the quantity of solids pres- 
ent in the unfermented liquid is assumed to be obtained. Of 
course such an assumption is extremely far from the truth, 
because, from various losses during fermentation, by volatiliza- 
tion of alcohol and acetic acid, only one-half to three-quarters of 
the theoretical yield of acid is obtained, and this loss varies 
greatly in the different processes, and in the same process 
depends largely upon individual care during each of its steps. 
Further, during the fermenting and settling periods albuminoid 
and other constituents settle in considerable quantities, so that 
such calculations possess little real worth, and, when spirit 
vinegar is used as an adulterant of cider or malt vinegar, they 
may become decidedly misleading. The figures in columns 8, 
g, and 10 are given principally for the sake of comparison with 
previous analyses which have been reported in this way. In 
column g the percentages of ash to ‘‘ original solids,’’ found in 
column 8, have been given, obtained by dividing 100 times the 


1 Analyst, 16, 82. 
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per cent. of ash as given in column 3 by the per cent. of ‘‘ origi- 
nal solids.’’ In the same way the milligrams of total phosphorus 
pentoxide per 100 grams of original solids are reported in col- 
umn 10. 

Of these results, the quantity of ash, the alkalinity of the ash, 
and amount of soluble phosphates are of considerable uniformity 
in pure cider vinegar, and these, when considered with the other 
characteristics above enumerated, serve to differentiate this kind 
quite sharply from all other commercial varieties and to afford a 
basis for the approximate estimation of the quantity of spirit 
vinegar or of water, with which pure cider vinegar may have 
been adulterated. 





[CONTRIBUTIONS FROM THE LABORATORY OF AGRICULTURAL CHEMISTRY, 
OHIO STATE UNIVERSITY. } 
ROOT TUBERCLES IN WATER CULTURE.’ 


By H. A. WEBER. 
Received November 22,1897 


INCE the discovery by Hellriegel of the connection between 
S root tubercles and the fixation of atmospheric nitrogen by 
leguminous plants, the literature on this interesting and impor- 
tant question is being constantly enriched by painstaking 
experiments on the part of scientific investigators all over the 
world. The subject has thus far been studied only in connec- 
tion with sterilized soil orsand. It occurred to the writer that it 
might be possible to produce root tubercles in water culture and 
thus be able to observe the process better than when the roots 
of the plants were buried in soil or sand. The work of conduct- 
ing the experiments about to be described was entrusted to Mr. 
J. C. Britton, one of the writer’s advanced students. ‘The 
results more than met my expectations, and this preliminary 
notice is made public for the benefit of those who may feel 
inclined to employ the method in their investigations. 

For the past four or five years the writer has employed in 
water-culture experiments an apparatus, designed by himself 
which presents certain advantages over the methods heretofore 
described. As this apparatus wasemployed in the experiments 


1 Read before the Columbus Section of the American Chemical Society, Nov. 10, 1897. 
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under consideration, a brief description of the same may not be 
out of place. 

As will be seen from the accompanying illustration, @ is an 
aspirator of four liters capacity ; 6, and 4, are ordinary salt 
mouth bottles of two liters capacity, which serve as culture jars; 
cis asmall flask with a side tube, as used in fractional distilla- 





























tion; dis a collecting bottle of four liters capacity. The cul- 
ture jars are fitted with cork disks to hold the plants in the 
usual manner and also support the thistle tube and the siphons 
as shown in the illustration. 

At the beginning of a vegetation experiment, the flask c, the 
culture jars, and the aspirator, are filled with the nutrient solu- 
tion. The aspirator is closed with a rubber stopper carrying a 
glass tube, to the end of which a short piece of rubber tubing is 
attached. In this manner the solution is conveyed to the thistle 
tube, which extends to near the bottom of jar 4,, the flow being 
controlled by means of a Hoffman clamp placed on the rubber 
tubing. By means of a siphon, the short arm of which extends 
a short distance below the surface ofthe solution in jar 4,, and 
the long arm nearly to the bottom of jar 4,, the solution flows 
into jar 4,. 

Another siphon with one arm extending a short distance 
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below the surface of the solution in jar 6,, and the other below 
the side tube in flask ¢, carries the solution into flask c, from 
which it runs through the side tube into the collecting bottle. 
The drop of the solution into the thistle tube is so regulated 
that the aspirator will empty itself in about twenty-four hours, 
when the solution in the collecting bottle is transferred back 
into the aspirator. This is done once a day until the vegetation 
experiment is completed. 

The advantages of this arrangement are : 

1. Two seedlings, or if, as the writer has frequently done, 
another culture jar be inserted between jar 4, and the flask ¢, 
three seedlings can be grown in the same solution at the same 
time, so that, if an accident should happen to one of the seed- 
lings, the experiment need not necessarily fail. 

2. The solution is continually being aerated as it drops into 
the thistle tube and into the collecting bottle, as well as when it 
is transferred to the aspirator. By this means the roots of the 
seedlings are constantly supplied with free oxygen, a condition 
necessary for healthy growth. 

3. Plants can be grown to maturity without removing them to 
other-jars filled with fresh solutions. 

4. The solution in the culture jars always remains at the 
same level, 7. ¢., on a level with the side tube of the flask. 

Two solutions were prepared as follows : 

1. COMPLETE NUTRIENT SOLUTION (Wolff's Solution). 


Grams. 
Bone ash dissolved in mitric acid. .--- cece cece ccccescccccs 20 
ma NEON a so's' pc 5s a CLED APOE WU TOA Oe WO8 WE OER ead II 
Magnesium sulphate ..-..-seeeeeseeceeeeeece cece cece cece 7 
POCRABIET OIDEIOES 65,560 64coc0ss 0a twee ceewueesaabesieenet 3 
Ferrous sulphate -.--++sseece cece cece ccceeecees Minute quantity 


The whole dissolved in distilled water, neutralized with sodium 
carbonate, and diluted to one liter. 


2. COMPLETE NUTRIENT SOLUTION WITHOUT NITROGEN. 


Grams. 
Bone ash dissolved in nine cc. sulphuric acid.-......-.- 20.0 
Potassium sulphate SUS60s HCCC OOO OCS RHEE Ee COHeeeeCeRde 9-5 
Magnesium sulphate ccc cocces cecceecceed OWiconeaeeess 7.0 
POCBASTUIN COIOUIAE: 6.0.56 vin c6s pocebbr eke c Ckeu He wonces'egae 3.0 
Ferrous sulphate .--..- sees cees ceecee ceccecceeees Minute quantity 


The whole dissolved in distilled water, neutralized with sodium 
carbonate, and diluted to one liter. For the growing of plants 
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the apparatus was filled with a mixture of the respective solu- 
tions and distilled water in the proportion of five cc. of the solu- 
tions to one liter of water. ‘Trials with fifteen cc., and even ten 
cc. of the solutions to one liter of water, failed on account of 
over-nutrition, the seedlings refusing to grow and finally dying. 

The plants employed were dwarf peas. The seeds were made 
to germinate in sterilized sand, moistened with distilled water. 
When the seedlings were four or five inches in height, they 
were taken from the sand, the roots washed, and the plants 
transferred to the culture jars. 

Three sets of apparatus, as shown in the illustration, were 
provided. The first set contained the complete nutrient solu- 
tion. The second set contained solution No. 2, as described 
above, without nitrogen. 

The third set contained the same solution, but in addition the 
seedlings before being placed into the jars, were inoculated with 
tubercle germs, by immersing the roots for a few minutes in a 
cold water infusion of a soil, in which peas had been grown. 

As might be expected, the plants in set No. 1, containing the 
complete nutrient solution, were healthy and vigorous, and pro- 
duced flowers and fruit. 

The plants in set No. 2 grew rapidly fora time, but were weak 
and sickly in appearance. In about ten days the leaves began 
to turn yellow and to show the effect of nitrogen starvation. A 
few small blossoms finally appeared, but this caused the speedy 
death of the plants. The roots developed very rapidly, com- 
pletely filling the jars. They were doubtless in search of nitrog- 
enous food. 

The plants in set No. 3 grew normally for about ten days, 
when they began to show the effect of nitrogen starvation in a 
marked degree. No tubercles could be observed on the roots. 
About the thirteenth day the plants began to recuperate, the 
leaves assumed a normal green color, and from this time on the 
growth was vigorous and normal. On the fifteenth day the 
tubercles were first observed, but they had then attained con- 
siderable size. 

The plants, like those of set No. 1, produced flowers and fruit. 
Investigations in this direction will be continued. 
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GENERAL REMARKS UPON COMPOUNDS OF THE HIGHER HALOIDS 
OF THE ELEMENTS OF GROUP IV. 

HE review of the reactions of these tetrachlorides furnishes 

some interesting data from which inferences of impor- 

tance may be drawn. There are, however, numerous problems 

still unsolved, and many reactions that yet demand study, before 

any broad comparison of the behaviors of these elements can be 

definitely made, or any conclusion as to the influence of the 

atomic weight or metallic character on the reactivity of their 

tetrachlorides established. No general rule could be deduced 

from the data already collected, which would enable us by a 

logically drawn analogy, to predict their behaviors in certain 
uninvestigated reactions. 

Carbon and silicon, the first two elements of the group, are by 
their position more or less isolated, and removed from too close 
a comparison with any ofthe sub-group elements, and their reac- 
tions are best studied with a view to determining or increasing 
their own already well-developed similarities, without seeking 
to broaden to too great an extent their relation to other elements 
of the group. The chlorides of silicon and carbon may be said, 
however, in a general way, to possess in common with the other 
group members, a distinctly acid nature, and to exhibit the power 
of combining with bases to form stable, well-defined compounds. 
This behavior may be predicted for even the unstudied chlo- 
rides of germanium, lead and thorium, since every element thus 
far investigated has in its tetrachloride form thus deported 
itself. Ammonia, the substituted ammonia derivatives, such as 
methylamine, toluidine, urea and amido bodies of a distinctly 
basic character, may here be said to react similarly with all. 
With acid amides and bodies ofa distinctly acid nature, no such 
general rule may be adopted, and a series of reactions occur 
which seem to be conditioned by no rise or fall in atomic weight 


1 Thesis presented to the University of Pennsylvania for the degree of Doctor of 


Philosophy. 
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or by position and group relation of the elements. Titanium, 
one of the elements of the sub-group having a less metallic charac- 
ter, and tin of the opposite sub-group and of a distinctly metallic- 
nature and a high atomic weight, represent the most reactive of 
the elements of Group IV, in their tetrachloride form. Other 
than this, there seems to be little relationship between them, 
being distinctly separated by such considerations as place them 
in opposite groups. Titanium, the element of lowest atomic 
weight of the first sub-group, is in its quadrivalent form most 
reactive. Its tetrahaloid forms derivatives with hydrocyanic 
acid, cyanogen chloride, and the oxides of nitrogen. It thus 
has the power of holding acid as well as basic compounds in 
combination. Zirconium, on the other hand, the element next 
in succession to titenium, exhibits no such reactions, and its 
combinations seem limited to compounds of a basic character, as 
work now in progress in this laboratory indicates. We might 
then assume the rule ‘‘ that in the first sub-group the reactivity 
decreases with a rise in atomic weight, being highest in tita- 
nium,’’ with more or less reason. In the case of the opposite 
sub-group, however, the paucity of data forbids the formulation 
of any such law. Tin we know to be exceedingly reactive in 
its quadrivalent haloids, but germanium, the element which 
precedes it in the sub-group, whose reactions, if studied, would 
make some such general statement possible, has been but little 
investigated with such an end in view. 

The subsequent chlorides of thorium and lead are being studied 
at present, and the determination of their reactions will show the 
relevance of their weight relationship to their behaviors, and 
make possible a more comprehensive and thorough comparison 
of the actions of the tetrachlorides of the fourth periodic group. 
The accompanying table represents the behavior of the several 
tetrachlorides toward various reagents. ‘The reactivity is indi- 
cated by the letter ‘‘ 7,’’ and the failure to form compounds with 
these reagents by the character ‘‘o.’’ 
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THE ACTION OF AROMATIC AMINES AND NITRILES ON SILICON 


TETRACHLORIDE. 


The work was entered upon chiefly with a view to developing 
some new analogies between the behavior of silicon tetrachloride 
and that of the tetrachlorides of the other members of Group IV, 
or any characteristic differences which might prove noteworthy. 
The hope of the investigation was, that by some well-defined 
series of reactions observed therein, anew means might be found 
of isolating the members of the group, in their higher forms of 
combination, from one another or from members of other groups. 

The investigation is all the more demanded, since but little 
work has been done in this field, the action of nitrils having 
been studied only with the tetrachlorides of titanium and tin.' 
The action, therefore, of nitrils on silicon tetrachloride was a 
needed expansion of the subject, and this, together with the 
actions of the chlorides of sulphur and phosphorus, cyanogen 
and chloride of cyanogen, nitrogen dioxide and nitroxyl] chlo- 
ride upon silicon tetrachloride, constitute the experimental part 
of the present research, while the demonstration of the inactivity 
of the latter, as compared with the behaviors of tin and titanium 
tetrachlorides, determines its scope. 

The second part of this article deals with the reactions between 
silicon tetrachloride and amines of the benzene series. The 
behavior of these bodies towards higher haloids of the fourth 
group has been investigated only in the silicon derivatives, and 


1 Henke: Ann. Chem, (Liebig), 106, 281; Shinn : Thesis, University of Pennsylvania, 


1895. 
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here the reaction cannot be said to be determined, since the 
investigators in this field are at odds in their results, and it is 
hoped that this work will aid in fixing the exact constitution of 
the products of the reaction of silicon tetrachloride and aromatic 
amines. 

The silicon tetrachloride was made by the action of dry chlo- 
rine on silicon, at a low heat, the resulting vapors being col- 
lected in chilled condensers. Any free chlorine was removed 
from the product by shaking with mercury, and the silicon 
tetrachloride further purified by fractional distillation, till it 
exhibited the constant boiling-point, 57°-59°._ The silicon used 
in this preparation was made by the reduction of very fine sand, 
free from iron, by magnesium powder, according to the method 
recommended by Gattermann. 


THE ACTION OF FORMONITRILE ON SILICON TETRACHLORIDE. 


Dry hydrocyanic acid gas conducted into cool silicon tetra- 
chloride produces no change ; no product is formed and the silicon 
tetrachloride boils at the usual temperature. Wohler’ had pre- 
pared the compound TiCl,.2HCN, while Klein’ got a corre- 
sponding tin derivative, asdid also Shinn.’ ‘These results led to 
the attempt to combine formonitrile and silicon tetrachloride 
with the result above indicated. 


ACETONITRILE. 


Henke’ had shown that methyl cyanide combined with tita- 
nium and tin tetrachlorides, to form derivatives of the type 
SnCl,.2CH,CN. Anhydrous acetonitrile, made by the distilla- 
tion of acetamide and phosphorus pentasulphide, and further 
purification of the product, was added to silicon tetrachloride 
chilled in ice; no action was apparent or heat generated. The 
precaution of chilling in ice was taken, because in the case of 
tin derivatives the amount of heat produced in the reaction was 
sufficient to decompose the products. Here, however, even 
when the ordinary temperature was resumed, no combination 


was effected. The slightest trace of moisture, however, serves 
1Ann, Chem. (Liebig), 73, 226. 
2 Ann. Chem. (Liebig), 74, 86. 
8 Thesis, University of Pennsylvania, 1896. 
4 Ann. Chem. (Liebig), 106, 281. 
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to precipitate a silica compound which retains the nitrile tena- 
ciously. Its analysis, however, indicates no definite constitu- 
tion, and it is probably nothing more than a mixture of silicic 
acid and methyl cyanide. 


PROPIONITRILE. 


This was made by the distillation of potassium cyanide with 
potassium ethyl sulphate ; the isopropionitrile formed at the 
same time, being removed by a small quantity of concentrated 
hydrochloric acid. As with acetonitrile, the anhydrous liquid 
gives no compound with silicon tetrachloride, while the tetra- 
chlorides of tin and titanium afford derivatives of a constitution 
similar to the acetonitrile bodies. (See above references. ) 


SUCCINONITRILE. 


The nitrile of succinic acid was made by digesting ethylene 
dibromide with an alcoholic solution of potassium cyanide, and 
after being rendered absolutely anhydrous was added to silicon 
tetrachloride. It gave noderivative, being in this distinguished 
from tin, which forms the compound SnC!,.2(CH,CN),.’ 


AROMATIC NITRILES. BENZONITRILES. 


This reagent was made by distilling benzoic acid and dry 
potassium thiocyanate, adding ammonia to the semi-solid dis- 
tillate and extracting withether. With this nitrile the behavior 
of tin and titanium chlorides had been investigated by Henke,’ 
who obtained the compounds C,H,CN.TiCl, and also C,H,CN. 
SnCl,. With silicon tetrachloride, however, it gives no deriva- 
tive under ordinary conditions or by the action of heat and pres- 
sure. Silicon tetrafluoride also exhibits no reaction with this 
nitrile. 


TOLUNITRILE. 


The tetrachloride here gives a compound, but neither the 
chloride nor fluoride of quadrivalent silicon unite with it. No 
variation in the result was noticed when the silicon tetrachloride 
was heated under pressure with the nitrile, these compounds 
remaining uncombined as before. 


1 Shinn: University of Pennsylvania, Thesis, 1896. 
2 Ann, Chem. (Liebig), 106, 181. 
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The nitriles of mandelic and lactic acids gave no derivatives 
with silicon tetrachloride under ordinary conditions, but when 
heated under pressure, silicic acid and complex tarry decompo- 
sition products resulted, which did not attract analysis. In all 
the above cases the mediums of interactions were benzene and 
ether, the latter being preferable, because it was thought the 
more easily dried. 


NITROGEN DIOXIDE. 


Marignac’ obtained the derivative of carbon tetrachloride, to 
which he assigned the formula CCl,.2NO,. Later, Kuhlmann’ 
prepared derivatives of silicon tetrachloride with every oxide of 
nitrogen. On passing NO,, prepared by heating lead nitrate, 
into silicon tetrachloride, no heat development was noticed. 
The latter dissolves the gas and becomes colored by the same, 
but a single distillation, during which the boiling-point showed 
no change, sufficed to completely decolorize the liquid and 
remove the nitrogen dioxide from it. 


THE MIXED VAPORS OF NO, AND CHLORINE. 


These were conducted into cooled silicon tetrachloride, as in 
the former instance. There was no liberation of heat, the liquid 
becoming merely colored by the gases and giving them up freely 
on distillation, the boiling-point remaining normal, thus indica- 
ting that no compound had been formed and that simply an 
absorption of the vapors had taken place. This is all the more 
remarkable, since the derivatives 3TiCl,.2NO,Cl and 3SnCl,. 
2NO,CI had been readily prepared by Hampe.’ 


THE CHLORIDES OF PHOSPHORUS. 


Phosphorus trichloride, under ordinary conditions, or heated 
under pressure with silicon tetrachloride, gives no derivative ; 
the liquids merely commingle to a solution from which both con- 
stituents may be isolated by fractional distillation. Phosphorus 
in solid condition remains insoluble in silicon tetrachloride, but 
when its vapors, partly dissociated, are conducted into the same, 
they are absorbed and dissolved. Upon subsequent distillation 


1 Ann. Chem, (Liebig), 38, 17. 
2 Ann. Chem. (Liebig), 39, 320. 
3 Ann. Chem. (Liebig), 126, 43. 
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the liquid, for the greater part, boils at 58°-60°, leaving a liquid 
residue, which is driven over only at the boiling-point of phos- 
phorus trichloride. The only effect of the phosphorus penta- 
chloride seems to be a slight elevation of the boiling-point of the 
silicon compound, while the latter serves to completely disso- 
ciate the pentachloride into the lower chloride and free chlorine. 
Casselmann' had prepared a compound of tin and phosphorus 
chloride, of the formula (SnCl,),.PCl,. Here again the analogy 
between tin and silicon fails. 


SULPHUR MONOCHLORIDE. 


The liquids were mixed in all proportions, and on boiling the 
mixture, the silicon tetrachloride being in excess, the greater 
part came over between 57°-59°. ‘The temperature rises grad- 
ually and then suddenly is elevated to 139°, the boiling-point of 
sulphur monochloride, thus showing that no compound had been 
formed. H. Rose,* however, obtained the compound Sn(Cl,. 
28,Cl,. 

CYANOGEN CHLORIDE. 


A saturated solution of mercuric cyanide was made, and an 
excess of the salt was added to this in a finely divided condition. 
Chlorine was then conducted into this liquid, until it was com- 
pletely saturated by the gas, and the product was set aside in a 
dark place ina flask, filling the space above the liquid with 
chlorine. After a time the excess of mercuric cyanide had dis- 
solved and the chlorine was completely absorbed. Uncombined 
chloride was then removed by shaking with mercury, and the 
solution was poured into a flask provided with a calcium chloride 
tube. On gently heating thesolution, the cyanogen was evolved, 
and led through a tube filled with copper turnings, to remove the 
last traces of chlorine, into silicon tetrachloride chilled in ice 
and salt. Silicon in its behavior here was found to ally itself 
with tin, both Wohler® and Klein‘ having failed to obtain 
chlorcyanogen compounds with the higher chlorides of the lat- 
ter, while Wohler had however succeeded in preparing a tita- 
nium derivative of the composition TiCl,(CNCI),. 


1 Ann. Chem, (Liebig), 83, 258. 

2 Pogg. Annalen, 42, 517. 

8 Ann. Chem. (Liebig), 74, 36. 

4 Ann. Chem. (Liebig), 73, 221. 








20 JOSEPH F. X. HAROLD. 


SILICON TETRACHLORIDE AND AROMATIC AMINES. 


Knop’ obtained derivatives from silicon tetrafluoride with urea 
and aniline. With the latter a white crystalline compound 
was prepared, to which he assigned the formula Si,H,F1,.3C],H,N. 
This constitutes the first work investigating the action of the 
aromatic amines on the tetrahaloids of the fourth group. As, 
however, the medium here used is anhydrous alcohol which 
decomposes the silicon tetrafluoride, the resulting compound 
cannot be said to be a derivative of it. Laurent and Delbos* 
obtained a compound of aniline and silicon tetrafluoride, whose 
constitution they expressed as 3C,H,NH,.2SiF,, but did not 
establish. Jackson and Comey’ obtained also this compound, 
proved its constitution, and described its properties. They pre- 
pared, in a similar manner, derivatives from ortho- and para- 
toluidine, diphenylamine and dibenzylamine, while dimethyl- 
aniline and quinoline gave no product. 

Girard and Pabst* investigated the action of the tetrachlorides 
of carbon, tin, and silicon on aniline at increased temperatures. 
With carbon tetrachloride and aniline, they obtained the deriv- 
atives, triphenylguanidine and rosaniline. With the chloride of 
tin under the same conditions, violaniline, mauvaniline (phenyl- 
safranine), and it seems, rosaniline were obtained. Silicon 
tetrachloride also forms violaniline, together with the produc- 
tion of triphenylamine blue. 

The only investigations on these reactions which are estab- 
lished by exact analyses are those of Harden® and Reynolds’ ; 
the latter is a repetition of the work of the former experimenter, 
in which results are obtained which vary from it. Unaware of 
any conflict of results, or, indeed, of any precedence in the field, 
the present investigation was begun; and it was not until its 
results were complete that any divergence in previous work on 
the subject wasencountered. The work wasthen found to agree 
entirely with that of the earlier of these investigators, and to 


establish by new methods of procedure his results. 
1 Chem. Centrbl., 1858, 388; Jsb. d. Chem., 1858, 148; J. prakt. Chem., 74, 41. 


2 Ann. chim. phys., 22, tot. 

8 Ber. d. chem, Ges., 19, 3194. 
4 Bull. Soc. Chim., 34, 38. 

5 J. Chem, Soc., 51, 40. 

87. Chem. Soc., 55, 474. 
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SILICON TETRACHLORIDE AND ANILINE. 


When aniline is added to silicon tetrachloride, there is a great 
evolution of heat, with the coincident precipitation of a white 
compound completely insoluble in ether. Owing to the violence 
of the reaction, anhydrous ether, and afterwards benzene, was 
used as a diluent and medium of interaction. The complete 
combination of the silicon tetrachloride was evidenced by the 
loss of the odor of that body when sufficient aniline had been 
added. With this as a means of indication, the synthetic pro- 
portions were found to be one molecule of silicon tetrachloride to 
four molecules of aniline. 

Three and five-tenths grams silicon tetrachloride required 
7.50 grams aniline. Calculated, 7.65 grams aniline. 

Five and eight-tenths grams silicon tetrachloride required 
12.4 grams aniline. Calculated, 12.68 grams aniline. 

That the silicon tetrachloride united with the aniline in the 
proportion of one to four molecules, was further proved by 
weighing the resultants of the action of quantities of these sub- 
stances united according to the above ratio. Ether was used as 
a medium. 

To three and five-tenths grams of silicon tetrachloride, dis- 
solved in ether, a slight excess of four molecules of aniline was 
added, stirring vigorously during the addition of the latter sub- 
stance. The white precipitate thus obtained was placed on a 
tared filter and washed with anhydrous ether, in a current of 
dry air, until the washings showed no trace of aniline. The 
precipitate was then dried in a desiccator, the filter and precipi- 
tate placed in a weighing bottle and its weight found. 

From three and five-tenths grams silicon tetrachloride were 
obtained 11.16 grams product. Calculated for three and five- 
tenths grams silicon tetrachloride, and 7.66 grams, or four 
molecules of aniline, gave 11.3 grams product. 

In a second experiment the following figures were obtained : 

Four and six-tenths grams of silicon tetrachloride gave 14.8 
grams product. Calculated for 4.60 grams silicon tetrachloride 
and 10.06 grams, or four molecules of aniline, 14.66 grams 
product. 

The additional weight of the precipitate was here probably due 
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to some small quantities of aniline retained by it. Portions of 
this substance which had been placed in the cup of a Soxhlet appa- 
ratus and washed with ether for three hours, were taken for 
analysis. The exit tube of the Soxhlet apparatus was, in this 
instance, connected with a drying apparatus, and the precipitate 
during the washing thus protected from the action of moist air. 
All precautions were taken to remove every trace of free ani- 
line, the washings of the precipitate being constantly examined 
for the same, till they failed to give reactions of that body. 
The compound was placed in a desiccator and portions taken for 
analysis. 

I. 0.1135 gram gave 0.0122 gram silica, or 5.052 per cent. 
silicon. 

II. 0.3739 gram gave 0.0280 gram silica, or 4.80 per cent. 
silicon. 

III. 0.0965 gram gave 0.0103 gram silica, or 5.01 per cent. 
silicon. 

IV. 0.1432 gram gave 0.2805 gram carbon dioxide, or 53.42 
per cent. carbon; and 0.0684 gram water, or 5.31 per cent. 
hydrogen. 

V. 0.2153 gram gave 0.1572 gram Pt, or 10.47 per cent. 
nitrogen. 

VI. 0.2034 gram gave by Dumas’ method 0.02166 gram nitro- 
gen, or 10.65 per cent. nitrogen. 

VII. 0.3467 gram gave 0.3710 gram silver chloride, or 26.46 
per cent. chlorine. 

VIII. 0.2972 gram gave 0.3130 gram silver chloride, or 26.05 
per cent. chlorine. 


Calculated for Found. 
(C,H,NH;),SiCl,. I. i: III. 
SiliCON<o06 cosccccveccces 5.16 5.05 4.80 5.01 
 aciinnineee wiewibews 53-13 53-42 ohue ree 
Hydrogen Sn er ee ee 5.16 5-31 eee 
Nitrogen -.--+-+eeeee sere 10.32 10.47 10.65 tee 
CRMINEMR os sea 6c koows ee we 26.19 cece 26.46 26.05 


These analyses further substantiate the proportions of com- 
bination which had been indicated by the synthetic experi- 
ments. As the compounds thus produced possess the formula 
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SiC1,(C,H,NH,),, the reaction may be written as follows: 
SiC], + 4C,H,NH, = SiCl,(C,H,NH,),. 


This was regarded as a single molecular compound, and the 
reaction was thus written until the use of a medium other than 
benzene, in the combination of these bodies, gave results that 
pointed to the conclusion that the above compound was a mix- 
ture of the compounds SiCl,(C,H,NH), and 2C,H,NH,HCI, so 
formed by the combination of one molecule of silicon tetrachlo- 
ride and four ofaniline. The resulting dichlorosilicon diphenyl- 
amide and the aniline hydrochloride, being both insoluble in 
ether, would be combined in such proportions as to give a mix- 
ture whose total composition would correspond to the formula 
deduced from the above analysis : 


SiCl,(C,H,NH), + 2C,H,NH,HCI = SiC1,(C,H,NH,),. 


The results that led to the inference that the latter com- 
pound was not simple are below detailed. When instead of 
ether as a medium, anhydrous benzene is used, all of the prod- 
ucts are not precipitated, but it was found on washing the pre- 
cipitate thus obtained with benzene in a dry Soxhlet apparatus, 
a white compound was left, which gave the following propor- 
tions on analysis : 

I. 0.3401 gram gave 0.3751 gram silver chloride, or 26.99 per 
cent. chlorine. 

II. 0.2266 gram gave 0.2506 gram silver chloride, or 27.07 
per cent. chlorine. 

The compound thus obtained did not show any silica content. 


Calculated for Found. 
aniline hydrochloride. I. EL. 
Chlorine... 2000 sees ccvcce 27.13 26.99 27.07 


It was further noticed that the total weight of this precipitate 
was only about half that calculated for the complete precipitation 
of the compound of silica, expressed in the reaction with ether 
as a medium. 

I. Three and five-tenths grams silicon tetrachloride and four 
molecules of aniline gave 5.29 grams of product insoluble in 
benzene ; with ether as a medium obtained 11.3 grams of prod- 
uct insoluble in ether. 
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II. Three and nine-tenths grams silicon tetrachloride gave 
5.06 grams of product insoluble in benzene; calculated for 
(C,H,NH,),SiCl,, 12.43 grams. 

As the aniline hydrochloride was entirely free from silica, the 
silicon compound produced in the reaction was looked for in 
the clear filtrate from the aniline hydrochloride. This solution 
was not allowed to evaporate, to yield in this manner the dis- 
solved derivative, as it was known, since the aniline wasoriginally 
in slight excess, that any compound so produced would be satu- 
rated with aniline, the last traces of which it would be difficult 
to remove. ‘To the solution was therefore added ether, which 
precipitated a white compound containing silicon, carbon, 
hydrogen, nitrogen, and chlorine, and whose analyses gave the 
following results: 

I. 0.2461 gram substance gave 0.4602 gram carbon dioxide, 
or 50.95 per cent. carbon; and 0.0860 gram water, or 3.88 per 
cent. hydrogen. 

II. 0.2840 gram gave 0.0589 gram silica, or 9.69 per cent. 
silicon. 

III. 0.2131 gram gave 0.0442 gram silica, or 9.74 per cent. 
silicon. 

IV. 0.2761 gram gave 0.2788 gram silver chloride, or 24.70 
per cent. chlorine. 

V. 0.3013 gram gave 0.2014 gram Pt, by method of Varren- 
trapp and Will, or 9.59 per cent. nitrogen. 


Calculated for Found. 
SiCl,(C,H,NH)s. i: II. 
ROMs Gir nel ou ceecw sae nees 50.88 50.95 
Hydrogen tak aareecee wees 4.24 3.88 
Nitrogen cinta iain tinea ete bale whem 9.87 9.59 De 
Silicon «ov... cccccsscsecccces 9.87 9.69 9-74 
SCM inks 6 sind dla aam.o eRe wares 25.08 3 24.70 


This is the compound which had been obtained by Harden.' 
On weighing the amount of*this produced from definite amounts 
of silicon tetrachloride, and adding to it the quantity of aniline 
hydrochloride produced at the same time, the total weight 
both of the silicon tetrachloride and the aniline are united and 
found in the products described above. 

1 J. Chem. Soc., 51, 40. 
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Three and five-tenths grams of silicon tetrachloride and four 
molecules, or 7.65 grams, aniline gave : 





Grams. 
Dichlorosilicon diphenylamide.....-++++++seeeeeseeeee 5-83 
Aniline hydrochloride .........6 seeeee cece cee ceee cece 5-29 
TERMS TOMA clk ck 6 coeee saan em ence OR eer Caen Cee II.12 
Calculated for three and five-tenths grams silicon tetra- 
chloride and 7.65 aniline .....- .sseee ser eeee cee II.15 


Three and nine-tenths grams silicon tetrachloride and 8.55 
grams aniline gave: 





Grams 

Dichlorosilicon diphenylamide .....-- s++seeeeeee cere 6.32 

Aniline hydrochloride. ......seeee cece cscccecceccccces 5.96 

"BORAT LOE occa ccs Sassen eee needeetetateuse snes 12.58 
Calculated for three and nine-tenths grams silicon 

tetrachloride and 8.53 grams aniline -------.---- 12.43 


These bodies are almost quantitatively produced, as the above 
results have indicated, and no amount of any secondary products 
can be believed to be present. The reaction may, therefore, be 
written as follows : 

SiCl,+4C,H,NH, = SiCl,(C,H,NH),+2C,H,NH,HCI. 

Both these products were obtained, and only these, although 
the aniline was always in excess; while Reynolds writes the 
reaction thus : 

SiCl,+8C,H,NH, = SiCl,(C,H,NH),+2C,H,NH,HCI. 

The silicon tetraphenylamide prepared by him is a well-crys- 
tallized body, and the careful methods of analysis pursued place 
its exact constitution bevond doubt. The cause of the diver- 
gence in the results is, therefore, due to the variation in proce- 
dure. In the work of Hardin in the present investigation, 
smaller quantities of material are used (only a slight excess of 
four molecules of aniline are employed), and the diluents of the 
action were not present in such great amount as in the work of 
Reynolds, where the benzene is double the value of the reagents. 
In his work, 100 grams of silicon tetrachloride are added to 438 
grams of aniline, or in the proportion of one to eight molecules. 
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In the use of such a quantity of benzene, the purpose is to keep 
the larger amount of the silicon compound in the solution, so that 
the precipitate will consist almost wholly of aniline hydrochlo- 
ride, retaining but little of the silicon derivative. The precipi- 
tate, according to the method of this investigator, is quickly fil- 
tered from the solution, washed often with benzene and the fi- 
trate distilled free from the greater part of the benzene in a cur- 
rent of hydrogen. The sirupy liquid thus obtained was poured 
into an excess of carbon disulphide, which served to precipitate 
a little aniline hydrochloride which had continued in solution. 
The filtrate was then concentrated and allowed to crystallize, 
when the compound described by him was obtained. 

It will be here observed that the work is less direct than that 
of the methods of procedure before described, and that more 
chance of secondary reactions is encountered in the manipula- 
tion than in the first instance, and that the reaction which 
requires four molecules of aniline with one of silicon tetrachlo- 
ride, represents the normal behavior of these two substances. 

It is believed that the use of ether in lieu of benzene, fur- 
nishes a far preferable medium for determining the proportions 
of the reaction, though preventing an analysis of the two prod- 
ucts, which are equally insoluble in it. It renders possible, 
however, a weighing of the total products of the reaction and a 
comparison of their quantity, with the amount of silicon tetra- 
chloride and aniline used, since it exerts no solvent action on 
either product, while both reagents are soluble in it. The pos- 
sibility of secondary reactions, or of the solvent playing the réle 
of a reagent was thus avoided. The readiness of weighing the 
total product of the reaction, and the determination of the syn- 
thetic proportions of the same, seem to establish that it proceeds 
as follows : 

4C,H,NH,+SiCl, = SiCl,(C,H,NH),+2C,H,NH,HCI, 
and that the compound without chlorine, Si(C,H,NH),, and 
the reaction which Reynolds writes, does not represent the im- 
mediate action of the reagents, but that the time-consuming 
method of the latter introduces a second phase into the reaction, 
during which the following may take place : 
SiCl,(C,H,NH),+4C,H,NH, = Si(C,H,NH),+2C,H,NH,HCI, 
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which would explain the formation of both silicon derivatives 
and the contradiction of the reactions. 

It might here be noticed that the names ‘‘ Dichlorosilicon 
diphenylamide’’ for SiCl,(C,H,NH),, and ‘‘Silicon tetra- 
phenylamide’’ for Si(C,H,NH),, are cumbrous and not suffi- 
ciently clear; ‘‘Chlorsilicon dianilide,’’ for the first, and ‘‘ Sili- 
con tetranilide’’ for the latter, are suggested as briefer and 
more expressive names. 


ce 


SILICON TETRACHLORIDE AND ORTHOTOLUIDINE. 


The methods employed in the preparation of the toluidine 
derivatives were similar to those made use of in the production 
of the aniline compound. A greater reactivity was, however, 
noticed on the part of the toluidine, as it was found to combine 
with the silicon tetrachloride at the temperature of ice and salt, 
while aniline was inert under these conditions. The precaution 
was taken to remove all paratoluidine from the liquid variety, 
by means of their acetyl derivatives, and the pure orthotoluidine 
thus formed was used in the reactions. 

The white compound insoluble in benzene was washed with 
ether, dried, and analyzed. 

I. 0.3146 gram gave 0.3126 gram silver chloride, or 24.32 per 
cent. chlorine. 

II. 0.4012 gram gave 0.4006 gram silver chloride, or 24.43 
per cent. chlorine. 

Calculated for C,H,CH,NH,HCI, 24.73 per cent. chlorine. 

The compound is, therefore, toluidine hydrochloride and its 
production similar to that of the aniline body. 

On the addition of ether to the filtrate, a white voluminous 
precipitate appeared, which was washed with anhydrous ether, 
and dried in a desiccator. Of this substance : 

I. 0.1722 gram gave 0.0319 gram silica, or 8.70 per cent. sili- 
con. 

II. 0.1650 gram gave 0.0313 gram silica, or 8.91 per cent. 
silicon. 

III. 0.2160 gram gave 0.0403 gram silica, or 8.77 per cent. 
silicon. 

IV. 0.1834 gram gave 0.1727 gram silver chloride, or 22.51 
per cent. chlorine. 
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V. 0.2803 gram gave 0.2617 gram silver chloride, or 22.85 
per cent. chlorine. 


Calculated for Found. 
SiC1,(C,H,CHsNH)s. I. II. III, 
Silitotca-ceccecscsiccces 9.00 8.70 8.91 8.77 
Chlorine .--. «++ +-.e+-- 22.80 22.51 22.85 


The behavior of orthotoluidine is, therefore, analogous to that 
of aniline. That four molecules of toluidine were required for 
the saturation ot silicon tetrachloride was proved as in the for- 
mer instance by determining the synthetic proportions of the 
compounds, and by the use of ether as a medium, determining 
the weight of the total product. It required : 


Toluidine. 


Grams. 
For 3.0 grams silicon tetrachloride. ...+.-.++sseeeeeeee vy | 
ANN ova 4 winlnia:4im0. 66) OWS Sie sale eels © o10Biwi be sie eacele eis 7.6 
For 5.3 grams silicon tetrachloride.....-....+eeeeeeeeee 53:2 
eC AND EE 50 010 4:6-0.0 6 'nse WK 6 .60.w Wee bie biased ee: die SrslHs! Rares 53.2 


The precipitate produced and washed in ether in the 


Product. 
Grams. 
First experiment gave -..-.ssescescecescceccecese secs 10.8 
Calculated for 7.6 and 3.0.-cccccsccescccecccecccecs 10.6 
Second experiment gave... cccecescocccsvccccccccces 18.8 
Calculated for 5.3 and 13.2-.+.+-2sccccce see sccece 18.5 


SILICON TETRACHLORIDE AND ACID AMIDES. BENZAMIDE. 


The vapors of silicon tetrachloride, conducted into benzamide 
in the molten condition, gave rise to benzaldehyde, which was 
collected and recognized by the malachite green reaction. It 
was thought that the silicon tetrachloride would form a product 
with the benzamide, as with the aromatic amines, but it is prob- 
able that the benzamide is not sufficiently basic in character to 
so act. 


SILICON TETRACHLORIDE AND ACETAMIDE. 


With the latter compound no derivative is obtained, but on 
conducting the vapors into acetamide, acetonitrile was produced. 
Possibly according to the following : 


2CH,CONH, + SiCl, = 2CH,CN + SiO, + 4HC1 
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The present investigation on the behavior of silicon tetrachloride 
is but one in a series which has for its scope the determination 
of the reactions also of lead and tin tetrachlorides with amine 
bodies. Work is also in progress in this laboratory on the 
conduct of thorium and zirconium tetrachlorides with the same 
reagents. The results thus obtained will afford a wider study 
of the fourth group elements, and furnish data for a broader 
comparison of the reactions of its members. 





SOME NEW RUTHENOCYANIDES AND THE DOUBLE FER- 
ROCYANIDE OF BARIUI1 AND POTASSIUTS1. 


By Jas. LEwis HOWE AND H. D. CAMPBELL.! 


Received November 26,1897 
HE resemblance between the double cyanides of iron, ruthe- 
nium, and osmium, was first pointed out by Claus,’ and 
further developed by Martius,* who formed a number of the 
double osmocyanides. More recently Dufet* has described the 
crystals of potassium ruthenocyanide and osmocyanide and shown 
their close crystallographic resemblance to the ferrocyanide. 
The chemistry and the crystallography of the ferrocyanides has 
been very exhaustively studied by Wyrouboff,’ and his work af- 
fords a valuable starting-point for any investigation of the iso- 
morphous ruthenocyanides and osmocyanides. 

Since the publication of a recent paper by one of us (Howe)‘ 
on the ruthenocyanides, several new salts have been prepared, 
and in all of them the analogy of the ruthenocyanides with the 
ferrocyanides is complete. The ruthenocyanides are decidedly 
more soluble than the ferrocyanides and correspondingly more 
difficult to crystallize. In one salt only have crystals been ob- 
tained which were perfect enough to measure. 

Strontium Ruthenocyanide, Sr,Ru(CN),,15H,O.—Formed by 
treating lead ruthenocyanide with dilute sulphuric acid and neu- 
tralizing of the hydroruthenocyanic acid formed with strontium 


1 Contributed to the November meeting of the Cincinnati Section of the American 
Chemical Society, November 16, 1897. 

2 Beitrige zur Chemie der Platinmetalle. pp. 98 and ff. 

8 Ueber die Cyanverbindungen der Platinmetalle. Inaug. Diss., Gottingen, 1360. 

4 Compt. rend., 120, 377. 

5 Ann. chim. phys. [4], 16, 280; 21%, 271. 

6 This Journal, 18, 981. 
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hydroxide. The salt obtained by treating ‘‘ Prussian purple,’’ 
the ruthenium analogue of Prussian blue, with strontium hy- 
droxide, could not be obtained in a purecondition. Pale straw- 
colored, elongated plates, probably monoclinic, very soluble in 
water, and quite efflorescent. By adding alcohol to its hot solu- 
tion, the salt can be obtained in long, fine needles. It is very 
difficult to obtain a salt pure enough for analysis, and owing to 
efflorescence the water determination is low. The correspond- 
ing strontium ferrocyanide crystallizes with fifteen molecules of 
water of crystallization.’ 


ANALYSIS. 
I. Crystallized from water. II. Crystallized from dilute alcohol. 
Calculated for Found. 
SrgRu(CN),, 1I5H,O. Sr,zRu(CN),,14H,O. & II. 
Water..--...ee- 38.41 36.79 36.80 37.12 
Ruthenium ..-- 14.45 14.83 14.36 oe 
Strontium...... 24.94 25-59 25.11 ° 


Barium Potassium Ruthenocyanide, K,BaRu(CN),,3H,O.— 
Formed by mixing equivalent solutions of the barium and potas- 
sium salts ; also mixed with the barium salt, by treating Prussian 
purple with barium hydroxide. Crystallizes best from its hot solu- 
tion in water while evaporating on the water-bath. Pale amber to 
colorless rhombohedra, hardly distinguishable from the corre- 
sponding ferrocyanide, but quite soluble in water. . The salt is dif- 
ficult of analysis, owing tothe difficulty of completely decompo- 
sing by heat to obtain the insoluble oxide of ruthenium. Some 
of the ruthenium invariably went into solution in hydrochloric 
acid, and from this solution a blue precipitate, insoluble in acids, 
soon separated, probably Ru(CN),, but invariably containing 
both barium and potassium. 


ANALYSIS. 


Calculated for Found. 
K,BaRu(CN),,2H,0. I. II. III IV. 
Potassium........- 14.83 12.98 sees 14.51 13.16 
Barium .......-ee- 26.07 27.38 25.31 chee 25.83 
Ruthenium......-- 19.27 18.71 eee 18.94 
Water --+--eeeeeees 10.25 10.19 10.80 10.83 10.99 


The water in I was determined by loss, but in the other three 


analyses by absorption and direct weighing. In these three 
1 Wyrouboff : Ann. chim. phys., 16, 287. 
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cases the salt in a closed tube was heated until it began to de- 
compose. It is therefore impossible that the salt can contain 
five molecules of water, as this would require sixteen per cent. 

Wyrouboff' describes the barium potassium ferrocyanide as 
K,BaFe(CN),,5H,O, but crystallographically the two salts re- 
semble each other very closely. 

Crystallography of barium potassium  ruthenocyanide, 
K,BaRu(CN),,3H,O. Rhombohedral. a@:c¢c= 1.558. Angle 
between basal plane and rhombohedron = 119° 4’. The mean of 
thirty-nine measurements on eight crystals gave 81° 27’ as the 
rhombohedral angle. (Calculated = 81° 36’.) 

Crystals rhombohedral, with occasional development of basal 
plane. Rhombohedral faces usually appear pitted, and give a 
bundle of reflections, making a variation of 50’ in the meas- 
ured angles; optically negative; double refraction weak. In 
converging polarized light the cross opens slightly into hyper- 
bolas. 

A comparison of the crystallography of the ruthenocyanide 
with the ferrocyanide as given by Wyrouboff shows their close 
relationship. 


Barium potassium ferrocyanide.2 Barium potassium ruthenocyanide. 
Rhombohedral. a : c=1.570. Rhombohedral. a : c= 1.558. 
Angle between basal plane and Angle between basal plane and 

rhombohedron = 118° 53’. rhombohedron = 110° 4’. 
Rhombohedral angle = 98° 48/ Rhombohedral angle=81° 36! (cal- 

(8r° 12!). culated); 81° 27’ (measured ). 
Optically positive. Optically negative. 


Barium Cesium Ruthenocyanide, Cs,BaRu(CN),,3H,O.—When 
barium ruthenocyanide is mixed with half the equivalent of ce- 
sium sulphate, there separate from the solution, even before it 
can be filtered from the barium sulphate, unless very dilute, 
minute, brilliant, yellowish-white to colorless, crystals, which 
under the microscope appear as rhombohedra, with angle of 
about 83°, and in every way resembling the barium potassium 
salt, except that the basal plane predominates. They are very 
insoluble even in hot water, and cannot be recrystallized owing 
to partial decomposition and precipitation of a blue insoluble 


1 Wyrouboff: Ann. chim. phys., 21, 279. 
2 Wyrouboff : loc. cit. 
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substance, probably Ru (CN),. The salt is stable in the air as 
analyses II and III were made from a salt which had stood ex- 
posed in the laboratory for several weeks. 


ANALYSIS. 
Calculated for Found. 
Cs,BaRu(CN)¢,3H,0. i: II. III. 
EE ee TO Tre 37.18 j 36.45 
DREN Soo cos waa eters a 19.21 19.06 ae 18.70 
Ruthenium . .- -cccceccccee 14.21 cece 14.33 
Water (by loss at 120°)...-- 7-56 7.64 7.31 7-51 


The sodium, the magnesium, and the calcium salts have been 
obtained, but are very difficult to crystallize, owing to their great 
solubility. The magnesium salt forms very pale green crystals 
which are very efflorescent. 

The strontium potassium, and the strontium cesium rutheno- 
cyanide have been formed, but not in pure enough condition for 
analysis. ‘They seem to resemble the barium double salts under 
the microscope and bear no resemblance to the salt K,SrFe(CN),, 
3H,O, described by Wyrouboff, which crystallizes in prismatic 
monoclinic crystals. The strontium rubidium ruthenocyanide 
gives a precipitate on warming its solution, and thusappears to 
resemble the strontium potassium ferrocyanide which precipi- 
tates the anhydrous salt under similar circumstances. 

Analysis having shown that the barium potassium ruthenocy- 
anide contains three molecules of water of crystallization, and 
yet resembles closely the ferrocyanide to which Wyrouboff' gives 
five molecules, a reexamination of the ferrocyanide was made. 
Bunsen, who first made the salt, gives the formula with three 
molecules of water, and from analogy to the ruthenocyanide 
three would be expected. Further, Martius’ formed the corre- 
sponding osmocyanide, to which he gives the formula 
K,BaOs(CN),,3H,O. His description of the salt would hold 
equally good for the ruthenocyanide or ferrocyanide, except 
that it is efflorescent. 

A considerable quantity of the ferrocyanide was prepared in 
this laboratory by Mr. H. W. Drake. The very sparingly solu- 
ble barium salt was made by the action of barium chloride on 


potassium ferrocyanide, and this, mixed with an equivalent 
lWwyrouboff : loc. cit. 
2 Martius : Cyanverbindungen, p. 23. 
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quantity of the potassium salt was dissolved in a large amount 
of water. On evaporation and cooling the barium potassium 
salt was deposited in pale straw-colored rhombohedra, often sev- 
eral millimeters across. The salt, contrary to the statement of 
Wyrouboff, is perfectly stable, and after five months’ exposure 
to the air the crystals are perfectly clear and the surfaces bright. 
Measurement of the crystal angles, and examination of the op- 
tical properties, showed the salt to be identical with that de- 
scribed by Wyrouboff. Analysis showed that the salt has three 
molecules of water of crystallization, and its formula is 
K,BaFe(CN),,3H,O. The water was determined directly by 
absorption in a calcium-chloride tube, the salt being heated until 
decomposed. 


ANALYSIS. 
Calculated for Found. 
K,BaFe(CN),.,5H,O. K,BaFe(CN),,3H,0. I. 
Water...... 17.40 11.38 11.68 33:92 
Barium .--- 26.55 28.53 28.88 28.61 


Barium Cestum Ferrocyanide, Cs,BaFe(CN),,3H,O. This 
salt, which appears never to have been described, was made for 
purposes of comparison. It was formed by decomposing barium 
ferrocyanide with half the equivalent of cesium sulphate in very 
dilute solution. It crystallizesin very small, slightly yellowish- 
white rhombohedra, and is very difficultly soluble in water. Its 
hot solution appears to be stable. 


ANALYSIS. 
Calculated for 
Cs,BaFe(CN).4,3H,0. Found. 
CMM 6 5 os care teeeua 39.71 38.03 
Barium ---+++.ee-eeee 20.53 20.42 
DOMME aeGs cae seewaenks 8.37 8.53 
WEE ccceceseavunwnse 8.07 8.01 


Crystallography, rhombohedral. @:c—= 1.515. Angle be- 
tween basal plane and rhombohedron = 119° 45’ (calculated). 
Rhombohedral angle = 82° 30’. 

This salt adds confirmatory testimony to the amount of water 
of crystallization in barium potassium ferrocyanide, and also to 
the close crystallographical resemblance between the salts of the 
type M'BaM"’(CN),,3H,O.(M'=K,Cs,; M’"=Fe, Ru, Os). 


WASHINGTON AND LEE UNIVERSITY, 
LEXINGTON, VA., Nov. 13, 1897. 











THE CAFFEIN COMPOUND IN KOLA. 
PART II. KOLATANNIN.' 

By JAMES W. T. KNOX AND ALBERT B. PRESCOTT. 
HE investigation of the caffein compound in kola conducted 
by us last year’? showed us that it was a kolatannate of 
caffein instead of a glucoside as formerly supposed. This ques- 
tion then arose: Is the tannin of this body identical with the free 
tannin existing in the kola nut? Inthe very brief examination 
made at that time it seemed that there was some difference, for 
combustions of both kinds of the tannin showed a difference in 
the respective amounts of carbon and hydrogen of each. No 
interpretation of the results was made at that time, for we con- 

sidered the data insufficient, and the question was not settled. 
It became necessary, in order that this point might be posi- 
tively determined, to make a thorough comparative study of 
these two forms of kolatannin, and the research has been con- 
tinued along this line with results which are stated in the fol- 

lowing pages. 


CLASSIFICATION OF TANNINS. 


Several different means of classifying tannins have been pro- 
posed, such as “‘ physiological’’ and ‘‘ pathological’’—referring, 
of course, to their origin in the plant; glucosidal and non-glu- 
cosidal; ‘‘iron-blueing’’ and ‘‘ iron-greening ;’’ tannins which 
are tanning agents and those which are not; those which yield 
a trihydroxyphenol by sublimation or by fusion with potassium 
hydroxide, and those which yield a dihydroxyphenol by subli- 
mation, or the salt of a dihydroxybenzoic acid by gentle fusion 
with potassium hydroxide.’ 

Trimble‘ suggests a classification, not as a final one but which 
answers very well for the present, in view of the still very de- 
fective knowledge of this class of bodies. He proposes a divi- 
sion of them into ‘‘ the gall tannin group’’ and ‘‘ the oak tannin 
group.’’ The tannins of the gall tannin group contain 50 to 
52.5 per cent. of carbon and 3.10 to 4.50 per cent. of hydrogen ; 


those of the oak tannin group contain, in round numbers, sixty 
1 Presented by the Special Research Committee at the Forty-fifth Annual Meeting of 

the American Pharmaceutical Association, August, 1897. 

2 Knox and Prescott 1896: This Journal, 19, 63. 

8 Prescott: Organic Analysis, p. 466. 

4Trimble : The Tannins, II, p. 131. 
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per cent. carbon and five per cent. hydrogen. This classifica- 
tion holds good for the following reactions also : 


Gall tannin group. Oak tannin group. 
Ferric salts. Blue color and precipitate Green color and precipitate. 
Calcinm hydrox- White precipitate becom- Light pink precipitate be- 
ide ing blue. coming red and _ then 
brown. 
Bromine water. No precipitate. Yellow precipitate becoming 
brown. 


Under this classification kolatannin is to be compared with the 
oak tannin group, for its compositions and reactions coincide 
more nearly with those of oak tannin than with those of gallo- 
tannic acid. We include herewith a brief summary of some im- 
portant work done on oak bark tannins, not only for its historic 
interest, but because it has a bearing indirectly upon our own 
work on kolatannin. 

RECENT LITERATURE OF OAK BARK TANNINS. 


In February, 1880, Bottinger’ published a lengthy article on 
‘‘oak red,’’ phlobaphene and tannin, which was followed about 
a month later by Etti’s® publication of his own work on oak tan- 
nin—a valuable contribution to its literature. The methods 
used by them in the preparation of their working samples dif- 
fered radically, the botanical source of their barks or extracts 
was unknown to them (or, if known, was not stated), the tan- 
nins obtained possessed properties different from each other, and 
it is not strange that the results obtained by these investigators 
were at variance in many particulars. If we may judge by their 
descriptions, it would seem that Etti’s method of separation was 
much more likely to yield a pure product than that used by 
Bottinger, although by no means free from objections. Without 
doubt this work of Etti and that of Lowe,’ dated in September of 
the same year, but which did not appear until the following 
year, added more to the knowledge of oak tannins than any pre- 
vious contributions had done. ‘The methods used by them are 
noteworthy, because they were radical departures from the old 
lead acetate methods formerly so much in vogue. 


1C. Béttinger, 1880: Ann. Chem. (Liebig), 202, 269. 
2C. Etti, 1880: Monatsh. Chem., 1, 262. 
8 J. Lowe, 1881: Zéschr. anal. Chem., 20, 208. 
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Etti extracted the oak bark with very dilute alcohol under 
gentle heat and added acetic ether and ordinary ether to the ex- 
tract. After agitating, the faintly red-colored ethereal layer was 
separated, the ether recovered by distillation and used again for 
the same purpose. After distilling the ether, the alcoholic solu- 
tion of tannin remaining behind was found to contain some crys- 
tals of ellagic acid, which were removed by filtration and the 
filtrate evaporated to dryness on a water-bath. The residue, a 
reddish-white powder, was oak tannin, mixed with a little phlo- 
baphene, amorphous resin and gallic acid ; the two last-named 
substances were separated by extracting the powder with non- 
alcoholic ether; it was next treated with a mixture of three parts 
acetic ether and one part ethyl ether, which removed the tannin 
and left the phlobaphene undissolved. After distilling off the 
solvent, the pure tannin remained bchind as a _ reddish-white 
powder. Etti insists, too, that if the ethyl acetate be used again 
for a solvent it must be washed with sodium hydroxide solution 
and redistilled before use, as the tannin tends to decompose it 
slightly into acetic acid and alcohol, while the tannin is itself 
partially converted into its anhydride. 

The method of Bottinger depends on the separation of the 
phlobaphene from tannin solutions by means of its comparative 
insolubility in water. The tan-bark is extracted first with ether, 
then with alcohol, the alcohol solution is evaporated to dryness, 
and the residue extracted again with ether which removes the 
last traces of wax and fat. By warming the residue with water 
on a water-bath, a partial separation is effected of the insoluble 
phlobaphene from the solubletannin. After filtration the tannin 
solution, still containing traces of phlobaphene, is repeatedly 
evaporated and redissolved, until upon diluting the liquid very 
largely and cooling it, no precipitation is had. On evaporating 
this solution, a light-colored residue is obtained which is soluble 
in water and which he considered the pure tannin. 

Lowe extracted the oak bark with ninety per cent. alcohol, 
and distilled the extract zz vacuo to sirupy consistency. Water 
was then added, which precipitated a large quantity of anhy- 
dride ; after filtration common salt was added to saturation, which 
precipitated the remaining anhdyrides completely ; the liquid, 
after filtration, was agitated with ether repeatedly until this sol- 
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vent would remove nothing further from the solution. The re- 
maining ether was dissipated by gentle heat aud after cooling 
the solution was shaken out with acetic ether. The acetic ether 
was removed by distillation and cold water was added to the re- 
maining residue as long as precipitation ensued, after which it 
was again filtered and evaporated slowly in a vacuum desiccator 
to a dry mass, which is soluble in water and becomes cinnamon- 
brown on being pulverized. 

It will be noticed that the methods of Etti and Lowe have 
much in common, the principal difference from the other meth- 
ods being in the use of ethyl] acetate, an immiscible solvent. It 
is difficult to say to whom credit should be given for the first ap- 
plication of this solvent to the preparation of tannin. In 1873,’ 
however, Lowe mentions having used it in his work on sumach 
tannin, while in 1872° he also made use of it as a separative sol- 
vent for gallotannic acid. 

Etti ascribed the formula C,,H,,O, to his tannin: a ‘‘first an- 
hydride’ C,,H,,O,, was formed by heating the tannin at 140° C. 
He separated a ready-formed anhydride from the bark correspond- 
ing to this one, and made use of its barium salt C,,H,,BaO,, to 
determine its formula. By boiling it with dilute hydrochloric or 
sulphuric acid, it loses another molecule of water, forming a sec- 
ond anhydride C,,H,,O,,. The third anhydride he prepared by 
boiling the pure tannin with dilute mineral acid, whereby two mole- 
cules of tannin lost three molecules of water, forming a body to 
which he ascribed the formula C,,H,,O,,.. This anhydride cor- 
responds, in Etti’s opinion, to Oser’s oak-red. Boiling the pure 
tannin with potassium hydroxide solution for some time, formed 
the first anhydride identical with the so-called oak bark phlo- 
baphene ; this was separated by acidulating the alkaline solution 
with mineral acid and filtering out the precipitated anhydride. 

By various experiments, such as boiling the tannin with di- 
lute acids, digesting it with ferments, etc., he arrived at the 
conclusion that oak tannin was not a glucoside but that such 
evidence of glucose as had been found by other investigators was 
due to the accidental presence of glucose in the sample. 

He proposed a structural formula, the same as that of digallic 


1 J. Lowe, 1873: Zéschr. anal. Chem., 12, 128. 
2 J. Léwe, 1872: Ztschr. anal. Chem., 11, 365. 
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acid with three hydroxyls groups replaced by three methyl groups, 
he having detected methyl chloride by burning the gas formed 
by heating the tannin with concentrated hydrochloric acid in a 
sealed tube. 

Bottinger’s work was principally on oak phlobaphene and oak- 
red, which he considered identical. The oak-red was formed by 
boiling the tannin with dilute mineral acid. He ascribed the 
formula (C,,H,,O,),.H,O to it and believed oak tannin to be a 
glucoside. 

Lowe proposed the formula C,,H,,O,, for the tannin he pre- 
pared and C,,H,,Pb,O,, forthe lead salt. He also prepared oak- 
red by the usual process of boiling the tannin with dilute acids 
and obtained in addition to the oak-red, C,,H,,0,,, a by-product 
of which he made a combustion, but did not identify. It was 
not sugar, however, and he states that oak tannin does not con- 
duct itself as a glucoside. The oak phlobaphene is, according 
to his statements, a fourth anhydride of oak tannin of the formula 
C,,H,,O,,, and forms a lead salt C,,H,,O,,Pb. 

A somewhat extended and not altogether good-natured contro- 
versy between Bottinger and Etti followed the publication of the 
latter’s paper, Bottinger' insisting upon the correctness of his 
own work, and holding to his first statement that oak tannin was 
a glucoside, Etti,” onthe other hand, contended that Bottinger’s 
methods were faulty, that ready-formed glucose would not be 
separated from the tannin by Bottinger’s process, and therefore 
sugar would of course be found in the solution after boiling the 
tannin with dilute acids. He performed a number of experi- 
ments tending to prove the correctness of his position, following 
Bottinger’s methods also and criticising him severely. Bot- 
tinger® subsequently modified his position somewhat, but with- 
out conceding anything of importance. 

In 1883 the next contribution appeared, in which Etti‘ again 
commented on Bottinger’s work and quoted Lowe in confirma- 
tion of his own results. He reported a new tannin, of formula 
C,,H,,O,, from Quercus Pubescens, while the other he had since 


1C. Béttinger, 1881 : Ber. d. chem. Ges., 14, 1598. 
2C. Etti, 1881: Ber. d. chem. Ges., 14, 1826. 

8 C. Béttinger, 1881: Ber. d. chem. Ges., 41, 2390. 
4C. Etti, 1883: Monatshefte, 4, 512. 
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learned was from Quercus Robur. ‘This new tannin colored solu- 
tions of ferric salts green, while the first one produced a blue 
color with them. During this investigation the objection 
already noted to the use of ethyl acetate, vzz., its tendency to 
decompose the tannin, became so marked as to necessitate a dif- 
ferent method of separation. The most important points of this 
new method are the use of alcoholic ether as a solvent for the 
tannin, phlobaphene and green resin. The resin is removed 
from the resulting product by benzene, and the phlobaphene by 
careful addition of lead acetate tothe tannin solution. The pre- 
cipitate of lead tannate is yellow, but if any anhydride (phloba- 


recipitate will be colored more or less 
g on the proportion of it to the tannin. 


Lead acetate is added until the color of the precipitate indicates 


has been precipitated. After filtering, 


the liquid is again exhausted with alcoholic ether, the ether re- 
moved by distillation and the residual liquid evaporated to dry- 


A rather remarkable peculiarity of Etti’s 


work is that both of these tannins are nearly insoluble in water, 


ter, while the experience of other work- 


ers has been quite generally that tannins are soluble. 


formed four anhydrides of this tannin, 


Oak phlobaphene, dried at 120°. 

By boiling phlobaphene with 1: 12 sul- 
phuric acid and washing precipitate 
first with water, then withalcohol, and 
evaporating the alcoholic solution. 

Dried at 125°. By boiling tannin with 
dilute sulphuricacid and collecting the 
precipitate. 

By heating in 25 percent. sulphuric acid 
containing 20 percent. alcohol in sealed 
tube at 130° for four hours. 


Etti believed also that four anhydrides were formed from the 
other tannin (C,,H,,O,) and gave this view support by his own 
figures and some also of Oser, of Bottinger and Lowe. 
would be apt to mislead the casual reader into attaching more 
importance to this theory of the four anhydrides, than is war- 


This 














40 JAMES W. T. KNOX AND ALBERT B. PRESCOTT. 


ranted by the actual results given by Etti. It would hardly 
seem that he was justified in making this use of the work 
of the other investigators. As a matter of fact he has se- 
lected figures here and there which gave support to his views, 
but ignored others of equal importance which did not harmonize 
with his ideas ; ¢. g., he quoted Lowe’s figures for the analysis 
of oak-red, but did not mention his work with the lead salts of 
oak-red, which brought him to the conclusion that the formula 
of oak-red was C,,H,,0,,.. There is no apparent reason for doubt- 
ing that this work was equally as reliable as that which Etti 
quoted, and to omit it gives a careful reader the impression that 
deductions made from such peculiarly isolated facts would not 
necessarily be of great value. The chart is here appended : 


Calculated. Found. 
Tannin --.-+-+eeeeeee \ Carbon....- 56.04 56.31 56.06 
CypHygOq +e - eee eee eees Hydrogen-- 4.40 4.63 4.69 
First anhydride...... } 
“‘Phlobaphene,” .-.. | Carbon....- 57.46 57.28 57.62 
C$ygH ypQi7 eee ee eee eee t Hydrogen-- 4.22 4.64 4.33 
Grabowski’s oak-red.- | 
Second anhydride... \ Carbon ...-- 58.96 58.76 
CygHygOig ee ee eee ee ee Hydrogen -- 4.04 4.20 
Third anhydride .... By Oser. By Béttinger. By Etti. 
CO je Woes cieiceese | Carbon -.--. 60.58 60.70 60.19 60.08 60.33 
Oser’s oak<red.s.0ce« J Hydrogen-. 3.86 4.03 4.22 3.94 4.03 
Fourth anhydride -.. Found by Léwe. 
ce Ot: eer | Carbon :*+-- 62.20 62.339 62.197 61.997 
Lowe’s oak-red.....- J Hydrogen-. 3.66 4.154 4.015 4.056 


Bottinger' published in the same year, 1883, a piece of work 
done on the bromine derivatives of oak tannin. By direct addi- 
tion of bromine to the watery extract of oak bark he formed a 
dibrom oak tannin, C,,H,,Br,O,,, which was capable of forming 
a pentacetyl derivative. ‘‘ By careful manipulation’’—he does 
not describe it—he converted the dibrom into a tetrabromtannin, 
which also formed a pentacetyl compound. This seems to be the 
first work on bromine derivatives. 


In 1884’ he investigated hemlock tannins by means of their 
1C. Béttinger, 1883: Ber. d. chem. Ges., 16, 2710, 
2C. Béttinger, 1884: Ber. d. chem. Ges., 17, 1041. 
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bromine compounds precipitated directly from their infusions by 
addition of bromine. Later' in the same year he prepared bro- 
mine compounds of a number of dark tannins by adding bromine 
directly to their infusions. Acetyl compounds of these were 
formed and analyzed. 

Etti,’ in a brief paper shortly afterward, discussed the points 
of difference between gallotannic acid and oak tannin. He also 
pointed out that by reason of its very hygroscopicity acetic an- 
hydride was not a proper agent for determining the number of 
hydroxyl groups of tannins, as its tendency would be to form 
anhydrides which in turn would be acetylized and lead to incon- 
gruous results in the analysis. 

Bottinger,* in 1887, published an article principally on oak- 
wood tannin, which he separated by dissolving commercial oak- 
wood extract in twenty parts of water and allowing it to stand. 
The clear liquid was evaporated to dryness and boiled with acetic 
anhydride, which formed an acetyl compound whose composition 
corresponded to formula C,,H,(C,H,O),O,. From this he recov- 
ered an anhydride of oakwood tannin and formed mono- and tetra- 
brom derivatives of it. 

In 1889, Etti,* adhering to his previously published formulas 
for oak tannins, gave the results of an investigation of a tannin 
from the common Slavonian oak, to which he gave the formula 
C,,H,,O,. It was nearly or quite insoluble in water. He formed 
several soluble magnesium salts with this tannin and suggested 
that it might exist in the plant in this form, thus accounting for 
its solubility in an agueous menstruum when first extracted. 
Several anhydrides were formed. 

Any résumé of the literature of oak tannins, however brief, 
would be incomplete without reference to the work of Trimble.° 
His monograph in two volumes contains a praiseworthy compi- 
lation of previous literature on the subject and full accounts of 
his own work. He has the credit of introducing acetone as an 
extractive menstruum for the oak tannins instead of alcohol. 
This solvent is said to act particularly well with oak bark. A 


1C. Béttinger, 1884: Ber. d. chem. Ges., 17, 1123. 
2C. Etti, 1884: /bid, 17, 1820. 

8 C. B6ttinger, 1887: Ann. Chem. (Liebig), 238, 366. 
4C. Etti, 1889: Monatshefte, 10, 547. 


5H. Trimble, 1894: ‘‘The Tannins.’’ A monograph, J. B. Lippincott Co. 
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good bibliography concludes the work. He has confined him- 
self thus far to analyses of the pure tannins and does not as yet 
propose formulas. In addition to the monograph just mentioned, 
he has been a frequent contributor on this subject in the period- 
ical literature of chemistry. 

LATE WORK OF SCHIFF ON DIGALLIC ACID. 


In the present year, Hugo Schiff,’ having already found that 
natural tannic acid is possessed of a slight optical activity, 
namely, dextrorotatory, inquires as to its containing in some way 
asymmetric carbon, and infers a ketonic structure with six hy- 
droxyl groups. He does not obtain a hydrazone from tannic 
acid. From experimental results he proposes this formula : 





OH OH ' OH 
| | | 
—— a 
P% ™& Y S 
Hoc \ © co G COH 
YS 4 3 F 
= oe 
| | 
H CO,H H OH 


Irrespective of orientation, and for comparison of a kolatannin 
formula offered for consideration further on, the above formula 
may be held simply as 


C,H(OH),(CO,H)\og 
C,H,(OH), F as 


CAFFEOTANNIC AND CAFFEIC ACIDS, 


The literature of caffeotannic acid, of the formula C,,H,,O,, 
dates from Rochleder, in 1846.° Its production of caffeic acid 
(dihydroxyphenylacrylic acid), along with sugar, was set forth 
by Hlasiwetz in 1867.° 

A few years ago, caffeic acid was obtained from the tannin of 
coffee, also from the tannin of the maté, by H. Kunz-Krause.* 
Very recently the same author has investigated caffeotannic 


1 Gazz. chim. ital., 1897, 27, 1, 90. 
2 Ann, Chem. (Liebig), 59, 300. 
8 Jbid, 142, 220. 

4 Arch. Pharm., 189}, 231, 613. 
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acid.’ In his report he’® finds confirmation of the composition of 
caffeic acid as a dihydroxyphenylacrylic acid. His analyses 
obtain the carbon dioxide given off when the caffeic acid is heated 
to 200° C., and are confined to this analytic method. A residue 
of a vinyl pyrocatechol is predicted. The author recognizes a 
class of bodies which he terms glucotannoids. 


‘*FREE”’ KOLATANNIN. 


PREPARATION OF THE SAMPLE. 

The amorphous character of tannins, together with their ex- 
treme liability to decomposition, renders their separation and 
purification very difficult. The method used by us last year,’ 
in the very brief examination of kolatannin, was based on that 
of Allen,‘ being fractional precipitation with lead acetate. 

On taking up the work this year, itsoon became evident that 
whatever may be said of lead-acetate methods asapplied to other 
tannins, they certainly are unsuited to this one, for various 
reasons. The lead kolatannate, being bulky, is extremely slow 
and difficult of filtration, and the tannin in this state exhibits a 
marked tendency to pass into insoluble forms, principally anhy- 
drides. During the washing, the lead salt becomes gradually 
darker, and this tendency is favored by the moisture present. 
If, on the other hand, the washing be less prolonged, the result- 
ing product will be contaminated with various other constitu- 
ents of kola extract, such as sugar, alkaloids, inorganic salts, 
coloring-matter, etc., etc. It is indeed very doubtful if any 
usual amount of washing will remove these impurities, hence 
the purity of a tannin, separated by precipitation with lead ace- 
tate, would be regarded with too much suspicion to be employed 
in analytical work, even if its sensible properties were not 
changed during the treatment. Kolatannin was at first sup- 
posed and since determined to be soluble in water. But on evap- 
orating the solution of tannin after removing the lead from com- 


bination by hydrogen sulphide, the end-product was a red-brown 

1I am indebted to Prof Kremers for bringing Kunz-Krause’s article in the July Be- 
richte to my attention, as I read this paperin the August meeting of the American Pharm 
aceutical Association.—A. B. P. 

2 Ber. d. chem, Ges., 1897, 1617. 

8 Knox and Prescott, Joc. cit. 

4Allen: Com. Org. Anal., 3, pt. I., 76. 
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substance, insoluble in water, and possessing a not particularly 
astringent taste. So by the use of lead acetate a tannin is ob- 
tained whose purity is a matter of doubt, and whose properties 
have undergone radical changes during separation, both as to 
color and solubility. Furthermore, we desired to effect a perfect 
separation of the free tannin from that existing in combination 
with caffein (as caffein kolatannate) in order to determine by 
analysis whether they were identical tannins or not, the analysis 
of them last year having shown somewhat different values in 
each for carbon and hydrogen. Caffein kolatannate is sparingly 
soluble in water, more soluble in solutions of tannin and of caf- 
fein, so that the aqueous infusion of kola contains caffein kola- 
tannate as well as free tannin, and the lead tannate obtained 
from it would be a mixture of the lead salts of both tannins, or 
both forms of tannin, and no delicate separation could be had in 
this way. 

Plainly, another method was necessary. ‘The objections just 
noted were for the most part neither new, nor limited to kola- 
tannin. As previously stated, Lowe, in 1872, who had encoun- 
tered many difficulties in the use of lead acetate for the separa- 
tion of tannins, and found it necessary to employ other means to 
obtain a pure product, resorted to the use ofethyl acetate. This 
immiscible solvent, proving satisfactory in many cases, has since 
been used considerably, either alone or mixed with ether, in the 
separation oi tannins for analytical purposes, and for some tan- 
nins at any rate is unquestionably the best separative solvent 
which has yet been given publicity as such. At the same time 
a single shaking out with ethyl acetate does not suffice for the 
preparation of a pure sample. More or less coloring-matter will 
be found in the residue left on evaporating the first portion of 
the solvent, so that several repetitions of the process are required. 
Care must be used not to carry the method of purification too 
far, for if this be done the decomposition of the tannin is apt to 
prove a greater obstacle than the original impurities. We find 
that four or five repetitions of the ‘‘ shaking out’’ gave the best 
results. In detail the manipulations, are as follows, and the 
method has given satisfactory results : 














KOLATANNIN. 45 


The fresh kola nuts are sliced into boiling alcohol,’ removed 
after a few moments boiling, and dried in a current of warm air, 
then ground up to a number twenty powder and packed firmly 
in a percolator. The alcohol so used in sterilizing the drug is 
diluted to about fifty per cent. strength, and employed as a men- 
struum, with addition of sufficient dilute alcohol to complete the 
extraction. The highly-colored extract of kola thus obtained 
is concentrated by distillation zz vacuo, until the alcohol is all 
removed. ‘This can be done with a good pump at between 18° 
and 20°C. The contents of the flask are then filtered, the in- 
soluble portion being chiefly caffein kolatannate, while the solu- 
tion contaius caffein, kolatannin, caffein kolatannate, glucose, 
traces of fatty matter, and more or less colored derivatives of 
tannin according to whether the sterilization by boiling alcohol 
has been properly done. Common salt is then added to this fil- 
trate to saturation and the caffein kolatannate is completely pre- 
cipitated. It is filtered out and added to the first residue of caf- 
fein kolatannate. The reddish-colored filtrate is then trans- 
ferred to a large separatory funnel and agitated with chloroform 
repeatedly to remove alkaloids and traces of fat. The dissolved 
chloroform is then separated by agitation with small portions of 
ether. Kolatannin is insoluble in chloroform, and only very 
sparingly soluble in ether, so this treatment does not remove any 
considerable amount of it. Ethyl acetate is now added to the 
liquid in the separatory funnel and the liquid extracted with it 
as long as any tannin is removed. Usually eight, ten, or even 
more successive portions are required for this. The united so- 
lutions of tannin in ethyl acetate are transferred to a distilling 
flask and concentrated to dryness under reduced pressure. To 
avoid loss of the ethyl acetate we use a condenser about a meter 
in length, and pack the receiver in ice. Sometimes also a con- 
denser is placed between the pump and the receiver. With 
these precautions the waste is very slight. Before using the re- 
covered ethyl acetate as a solvent again, however, it is washed 
with a weak solution of sodium carbonate and redistilled, to avoid 
the presence of any free acetic acid formed by decomposition of 


the ether. ‘The statement of Etti already alluded to, concern- 
1To prevent the formation of the colored body, which would otherwise appear. 
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ing the decomposition of ethyl acetate by tannin, has not been 
found to apply to kolatannin, but the washing was nevertheless 
adopted as a precautionary measure. 

The tannin residue in the distilling flask is a porous, pinkish 
mass, very friable, and easily and completely soluble in water. 
It is redissolved in a convenient quantity of saturated salt solu- 
tion, filtered if need be and again shaken out with ethyl acetate, 
which is distilled off in the way just described. The tannin res- 
idue is next dissolved in cold distilled water and shaken out as 
before, this process being repeated once or twice. The final tan- 
nin residue, after the ethyl acetate has been removed as far as 
possible by disiillation, is treated in the flask with a small quan- 
tity of ether, which after thoroughly permeating the mass is re- 
moved by distillation, using only the partial force of the pump 
and gentle heat. This is repeated several times until the mass 
has no odor of ethyl acetate. Then transferring to a vacuum 
desiccator the tannin is kept for several days over sulphuric acid. 
If this does not remove the last traces of ether, gentle heat (60°- 
65°) will do so.' 


PROPERTIES OF KOLATANNIN. 


Kolatannin is a cream-colored powder with a slight pinkish 
tinge. Itis freely and completely soluble in water, alcohol, 
acetone, ethyl acetate, sparingly soluble in ether, insoluble in 
chloroform and in petroleum benzine. The following tabulated 
comparative statement of its reactions will serve to point out some 
of the important differences between it and gallotannic acid, and 
to indicate the close resemblance between this tannin and that 
of oak bark. 


1 We desire to take this means of expressing our appreciation of the liberality and 
courtesy of the firm of Frederick Stearns & Company, Manufacturing Pharmacists 
Detroit, Michigan, who supplied us with a large quantity of True African Kola nuts, for 
our research this year. The drug was quite fresh and in perfect preservation, very 
necessary conditions for work of this kind. 
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Ferric acetate .......... 
Potassium dichromate... 
GHIOPING 60 <ess8esserete 
BRIS 6 6650 cee e8s 0508 
Calcium hydroxide..... 


‘‘ Tartar Emetic’’....... 

Quinin... 

Cinchonin | ST ee 

Caffein ... 

BIBUHIOHs 656605686 cceds 

Lead acetate ......-.+.. 

Ammoniacal potassium 
ferricyanide...... S66 

Solution of formalde- 
hyde with a condens- 
ing agent, as HCl .... 


Kolatannin. 
Free 
Green. 
Dark brown ppt. 
Pale ppt. 
Light yellow ppt. 
Pink, then red, 
changing to ppt. 
No ppt. 


White ppt. 


Ppt. 
White ppt. 


Deep Red. 


Pink ppt., 
becoming red. 


REACTIONS OF TANNINS. 


Kolatannin. 


From caffein kolatannate. 


Green. 
Dark brown ppt. 
Pale ppt. 
Light yellow ppt. 
Pink, then red, 
changing to ppt. 
No ppt. 


White ppt. 


Ppt. 
White ppt. 


Deep red. 


Pink ppt., 
becoming red. 


Oak tannin. 
(Trimble.) 


Green. 
Brown ppt. 


Yellow ppt. 
Red, changing 


to ppt. 
White ppt. 


Ppt. 


Ppt. 
White ppt. 


Gallotannic acid. 
Blue-black. 
Brown ppt. 


No ppt. 
Darkens with bluish 
tinge, then ppt. 
White ppt. 

° 
White ppt. 


Ppt. 
White ppt. 


Deep red. 
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COMBUSTIONS OF KOLATANNIN. 


The tannin was analyzed by combustion with the following 
stated results ; 











Found. Calculated for 
. II. rat. CsgkiseOe: 
Carbon... scecce 56.74 56.81 56.90 56.45 
Hydrogen......... 5-71 5.62 5-76 5-90 
Oxygen +eeerereree 37-55 37-57 37-34 37-65 
100.00 100.00 100.00 100.00 


Having this satisfactory evidence of the preparation of a pure 
chemical compound, we next proceeded upon the task of deter- 
mining its constitution, first by finding the number of hydroxyl 
groups in‘the molecule containing C.,,. 


PENTACETYL KOLATANNIN. 


An acetyl derivative was next formed for the object above 
stated. The tannin was boiled with acetyl chloride for about one 
hour under a return condenser, then an equal volume of glacial 
acetic acid was added, after which the liquid was poured slowly 
into ice-cold water. The acetyl compound separated out as a 
voluminous whitish precipitate. This was rapidly filtered at 
the pump and well washed with cold water, then it was dried 
with bibulous paper and finally in a vacuum desiccator over sul- 
phuric acid. It was a nearly white or gray-white powder, taste- 
less, having a faint odor of acetic acid, and was insoluble in 
water, sparingly soluble in ether, and freely and completely sol- 
uble in chloroform, in alcohol, and in glacial acetic acid. 

Analysis of the body gave the following stated results : 

a Calculated for 


By combustion: I. III. CygHis(CgH30),0,. 
Carbon. .essecccceee 56.55 56.68 56.76 56.72 
Hydrogen....++++++ 5-39 5-36 5-24 5-47 
OXYZen oeeeeseeeeee 38.06 37-96 38.00 37.81 

By saponification. 
Acetyl ..-e-eseeeees 38.24 38.47 38.68 39.09 


On comparing the values given by analysis with those calcu- 
lated for the pentacetyl derivative, the agreement seems to be 
satisfactory. 

The acetyl values in the analysis by saponification as detailed 
below are a little low, but it is quite possible that this is to be 
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ascribed to defects in the method of estimation rather than to 
other causes. At any rate the acetyl content seems without 
doubt to indicate five hydroxyl groups in the C,, molecule rather 
than four or six. 

The analyses by combustion were made in the ordinary way : 
the estimation of acetyl was conducted in the manner next 
described. 

DETERMINATION OF ACETYL. 

The acetyl compound, one-half to one gram, varying with the 
supposed acetyl content, is boiled with thirty to forty cc. of six 
per cent. sulphuric acid in a flask fitted with reflux condenser, 
for two hours. 100 to 150 cc. water are now added and without 
filtration the volatile contents of the flask distilled into a known 
quantity of decinormal potassium hydroxide solution, being care- 
ful to avoid a high enough temperature or sufficient concentra- 
tion to cause distillation of the sulphuric acid. More water is 
now added to the distilling flask and the distillation repeated. 
The contents of the receiver should be kept alkaline and a few 
drops of phenolphthalein solution added, so that any change in 
the reaction of the solution may be instantly noted. The distil- 
lation should be repeated several times until the last one hun- 
dred cc. ofdistillate contains no acetic acid. The excess of alkali 
is to be titrated with decinormal hydrochloric acid, and the 
amount of acetic acid calculated from the difference between the 
amount of alkali solution first taken, and the quantity of hydro- 
chloric acid required to neutralize it. Barium chloride is now 
added, and if any precipitation takes place, the barium sulphate 
is collected and weighed, the sulphuric acid calculated and cor- 
rection made for it. Ifa halogen be present in the acetyl com- 
pound, a sufficient excess of silver sulphate is added to the con- 
tents of the distilling flask before distillation, to precipitate it 
completely as silver salt. 

The above was occasionally deviated from by heating the 
acetyl compound with the dilute acid in sealed tubes two or three 
hours at 130°, then cooling, opening, transferring to a flask and 
distilling as before described. 

The following described method was used a few times, but 
without apparent advantage over the others: The sample is 
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boiled with twenty times its weight of alcoholic solution of po- 
tassium hydroxide, of five to eight per cent. alkali strength, ina 
flask under return condenser. Phosphoric acid is added in ex- 
cess and the contents of the flask distilled with steam into a re- 
ceiver containing a known quantity of decinormal alkali solution. 
To drive the acetic acid over completely requires distillation of 
about a liter of water. The same precautions are observed as 
in the preceding methods if halogens are present. 


BROMINE DERIVATIVES OF KOLATANNIN. 


The bromine compounds of this tannin have been investigated 
at considerable length, for the purpose of obtaining further data 
concerning its constitution. 


TRIBROM KOLATANNIN. 


When bromine water is added to a water solution of kolatan- 
nin, a dark-colored body is precipitated, and with continued ad- 
dition of the reagent the precipitation goes on until complete, 
during which the precipitate formed becomes lighter-colored un- 
til at the end, in the presence of an excess of bromine, it is pale 
brownish yellow and further addition of bromine water produces 
no change. It is quite voluminous and cannot well be filtered 
at the pump, but is collected by ordinary filtration and well 
washed with water until the washings remain clear when treated 
with silver nitrate solution. It is dried first on porous plates, 
then in a vacuum desiccator to constant weight. 

During the process of drying it gradually changes color until 
it becomes reddish brown. It is oderless and nearly tasteless, 
insoluble in water, ether, chloroform, and benzene, but is readily 
soluble in alcohol and in acetone. 

In the clear filtrate, after the bromine compound has been re- 
moved, hydrobromic acid is easily identified, and for that reason 
the change is believed to be one of substitution. It may be 
questioned perhaps whether this is not caused by the action of 
bromine on the water; the bromine water, however, was freshly 
prepared, and the hydrobromic acid formed under these condi- 
tions would be very little. Butin preparing twenty-five or thirty 
grams of this bromine compound, after its precipitation, the fil- 
trate was agitated with carbon disulphide to remove the excess 
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of bromine, then separated and the aqueous portion concentrated 
to small volume, which had an acid taste and reaction and in 
which hydrobromic acid was easily identified. 

~*~ bromine compound was analyzed with the following stated 
results : 


: Found. Calculated for 
By combustion. I. Il. III. C,,6H,;BrgQO,. 
Carbon -.ccccsccce ce 32.91 33-12 cece 33.28 
Hydrogen...-+++ee-- 2.69 2.58 sees 2.95 
OXYZEtereeeecoeeeee 22.86 22.63 sees 22.19 
As silver salt. 
Bromine «++++eeeeeee 4I.54 41.67 41.62 41.58 


The percentage of carbon in this body, when compared with 
that of the pure tannin from which this was prepared, seemed to 
indicate the substitution of three hydrogen atoms by that num- 
ber of bromine atoms. 

PENTACETYL TRIBROM KOLATANNIN. 
(From Tribrom Kolatannin.) 

For the purpose of obtaining further data, an acetyl compound 
of the bromine derivative was formed: The bromine compound 
is boiled with acetyl chloride for about forty-five minutes under 
a reflux condenser. An equal volume of glacial acetic acid is 
added to the clear red solution and the liquid well cooled by 
freezing-mixture. Then it is poured slowly into twelve or fifteen 
times its volume of ice-cold water, which is constantly stirred. 
A thermometer should be kept in the beaker containing the pre- 
cipitate, and if the temperature rises above 10”, it is best to cool 
the contents by placing the beaker in a freezing-mixture, resuming 
addition of the acetyl chloride on cooling, until all has been 
used. ‘The acetyl compound separates as a flocculent yellow 
precipitate, is quickly filtered, well washed and dried, first on 
porous plates, then in a vacuum desiccator. 

It is a tasteless, golden-yellow powder, having a faint odor of 
acetic acid. It is insoluble in water, nearly insoluble in ether, 
but soluble in alcohol, in acetone, and in chloroform. It loses 
acetic acid when gently heated, and both bromine and acetic 
acid on stronger heating. It was analyzed with the following 
stated results : 
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Found. Calculated for 

By combustion. I. II. CygHjgBr3.(CgHs30),0¢. 
Carbon osccccccccsevcvvecses 39-43 39.55 39.65 
Hydrogen .....+-eeeeeeeeees 3-44 3.34 3-44 
Oxygen -.cccecccscesccececs 26.57 26.65 26.43 

As silver salt. 
II 65. ono ao peinewwsene ee 30.56 30.46 30.48 

By saponification. 
Acetyl $60066 Cents Ce eKEO SRO 26.91 27.12 a7 22 


The results obtained agree very closely with the calculated 
formula and give additional confirmation to the formulas assumed 
for the pure tannin and its tribrom compound. 


HALOGEN DETERMINATION. 


For the halogen determinations in the bromine compounds of 
kolatannin, the well-known process of heating the halogen de- 
rivative with fuming nitric acid and silver nitrate in a sealed 
tube for two hours at 175°, was followed. Experience taught us, 
however, to first make a preliminary determination with a con- 
siderable excess of silver nitrate to ascertain the approximate 
amount of halogen present. For example, where in one case the 
preliminary determination indicated 40.88 per cent. of bromine, 
the following ones, in triplicate with only a slight excess of silver 
nitrate, were respectively 41.54 per cent., 41.67 per cent., 41.62 
per cent. And as a rule the preliminary determinations have 
given low results, but are necessary to furnish data for the sec- 
ond and more exact estimations. 

Having learned the approximate amount of halogen present, 
the following details of manipulation were followed : The size of 
the sample taken is adjusted so that the weight of the resulting 
silver salt shall be 0.15 to 0.20 gram. Six or eight per cent. 
more than the theoretical quantity of silver nitrate is now weighed 
and placed with the sample in a hard glass tube with six cc. 
fuming nitric acid, after which the tube is sealed and heated at 
175°-180° for two hours. It is then opened and the contents are 
transferred to a beaker with about 100 cc. water and heated on 
the water-bath for one-half hour. The silver bromide is then 
collected on weighed asbestos filters connected with the pump, 
washed successively with hot water, alcohol and ether, and dried 
twenty or thirty minutes at 80°-85° to constant weight. 

In some cases the excess of silver nitrate in the filtrate was deter- 
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mined gravimetrically as silver chloride for a check on the re- 
sults. 

Our thanks are due to Professor Edward D. Campbell, of this 
University, for many valuable suggestions on halogen and 
acetyl determinations. 


TRIBROM PENTACETYL KOLATANNIN. 
(From Pentacety! Kolatannin.) 

Having acetylized the tribrom compound of tannin and ob- 
tained a pentacetyl derivative of it, we decided to brominate the 
pentacetyl compound and determine by analysis whether or not 
the resulting product was identical, in other words to ascertain 
whether the order in which the substitutions were made affected 
the result. 

This bromination was accomplished by dissolving the pent- 
acetyl tannin in strictly pure, anhydrous chloroform, free from 
alcohol, and adding a slight excess of bromine. The solvent was 
then distilled off in partial vacuum, while the brominated acetyl 
compound remained behind as a golden-yellow mass. This was 
treated with ether several times and redistilled, using the pump 
to remove the traces of chloroform, and finally transferred to a 
vacuum desiccator and left until completely dry. 

In color, taste, and solubilities this body is identical with that 
obtained by acetylizing the tribrom derivative. It was analyzed 
with the following stated results : 


Found. Calculated for 

By combustion. I. II. CygH,gBrs(CgHs0),O0,° 
CHM ca cas ete KORRES eee 39.49 39.62 39.65 
Hydrogen .-+seeeeeeeeceeceee 3-39 3.47 3-44 
Oxygen «+. cece cccesccecccces 26.61 26.34 26.43 

As silver salt. 
BrOMiNe eek cssceveescaccowees 30.51 30.57 30.48 

By saponification. 
Acetyl] «eee e cece cccccecccceecs 26.84 26.98 27.32 


Inasmuch as the results of the analysis of this body coincide 
quite as closely with the theoretical figures as in the preceding 
case, it may be safely assumed that the bodies are identical and 
that in the preparation of a pentacetyl tribrom kolatannin it 
makes no difference whether the bromine or acetyl is introduced 
first. 
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TETRABROM KOLATANNIN. 


We next wished to ascertain whether this tannin was capable 
of taking more than three bromine atoms into combination in 
each molecule. Nothing but the tribrom derivative was formed 
by treating an aqueous solution of the tannin with bromine water 
in excess, so another solvent was tried successfully. Taking a 
weighed quantity of tannin, it was dissolved in alcohol and 
bromine was added gradually to the alcoholic solution in slight 
excess of the theoretical quantity necessary to form a tetrabrom 
derivative. ‘The liquid remained clear, all the bromine com- 
pounds of kolatannin that we have yet prepared being easily sol- 
uble in alcohol. The bromine compound was precipitated by 
pouring the brominated alcoholic solution into twelve or fifteen 
volumes of ice-cold water: being insoluble in water, it was sep- 
arated as a voluminous reddish brown precipitate, which was 
filtered, washed and dried in the way already described under 
the method of preparation of tribrom kolatannin. 

This body agrees in solubilities with the tribrom compound ; 
it is slightly darker, however, and has a faint odor of bromine. 
It was analyzed with the following stated results : 


Found. Calculated for 
By combustion. q. zi. Cy6H6Br4Og. 
RAE ci cbod 600 dbb4es 400 40% 29.59 29.46 29.27 
Hydrogen Tree TeriTe ey ten 2.46 2.38 2.44 
OXYGEN... ecece sees cece ccecees 18.97 18.88 19.52 
As silver salt. 
Bromine ---- eee cece cece ccccee 48.98 49.28 48.77 


This, then, is a tetrabrom derivative of kolatannin. From it 
an acetyl compound was formed, following the manipulations 
already described. 

PENTACETYL TETRABROM KOLATANNIN. 

This acetyl compound was yellow and but slightly darker than 

that of the tribrom derivative. In other physical properties it 


appeared identical with that body. 
It was analyzed with the following stated results : 
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Found. Calculated for 

By combustion. I. II..C,) gH; Bry(CgHsO),0g. 
Carbon --cceccccccsscccccc cece 35.82 35-97 36.03 
Hydrogen... sees ccecccccccees 3.02 2.95 3.01 
Oxygen eee cccccs cccccecccc ces 24.02 24.14 24.02 

As silver salt. 
BEOMINE «cc ccecccccccecesecece 37-14 36.94 36.94 

By saponification. 
Acetyl 1066 eden nsee nésesecmesue 24.42 24.59 24.83 


From the above it is seen that the tetrabrom derivative forms 
a pentacetyl compound equally as easily as the tribrom deriva- 
tive. 

PENTABROM KOLATANNIN. 

This derivative was formed while trying to prepare a hexa- 
brom substitution product, but by reason of an unsufficiency of 
bromine the resulting product yielded inalytical results corre- 
sponding fairly well with those calculated for pentabrom kolatan- 


nin. 


Found. Calculated for 
By combustion. I. Il. C,¢H;;Br,;0, 
Castes, bois cccevesenuaanée cere 25.87 25.99 26.13 
Hydrogen...+ssesecssceccce eee 2.07 1.86 2.04 
Oxygen coer cccc cece cess ceceeee 17.35 17.31 17.42 
As silver salt. 
WORRIES oc ov. ce 0k dénnweenneeves 54.71 54.84 54.4. 


This body may be a mixture of the hexa- and tetrabrom tan- 
nins. It is somewhat difficult of formation, however, and we 
have not always been able to obtain it in a manner analogous to 
the methods of preparation of the other bromine compounds. 
We do not consider that all conditions necessary to its formation 
are yet understood. There is no good evidence that this is a 
mixture of the other derivatives, however, and for the present 
there is really no sufficient reason for mentioning it as other than 
a pentabrom tannin. It is soluble in the same agents as the 
other bromine compounds, and is less stable than the tetrabrom 
compound, the odor of bromine being much more distinct. It 
appears to be characteristic of these bodies, that with increasing 
percentage of bromine, there is decreasing stability (that is to 
say, a greater tendency to lose bromine), and darker color. 
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PENTACETYL PENTABROM KOLATANNIN. 
(From Pentabrom Kolatannin.) 

This was prepared by acetylzinig pentabrom kolatannin in the 
usual way. In properties and appearance it closely resembles 
the other bromacetyl derivatives, except that its color is some- 
what darker yellow. It was analyzed with the following stated 


results : 
Found. Calculated for 

By combustion. x. II. CygH,oBrs(CgH30),Og. 
RGN 6.66 nares Sewniecesse wees 33-54 33-39 33.02 
Hydrogen ere er rT Ctawen cons 2:97 2.65 2.65 
OXYZeMN «eee ee eee eeeceeeeee 20.97 21.37 22.01 

As silver salt. 
Bromine .o--cscccccccccccecs 42.72 42.59 42.32 

By saponification. 
Acetyl a ee re ee tee ea 22.15 22.36 22.75 


This body was also prepared from pentacetyl kolatannin, as 
stated next below. 


PENTABROM PENTACETYL KOLATANNIN. 
(From Pentacetyl Kolatannin.) 

Having ascertained by previous experiment that addition of a 
considerable excess of bromide to an alcoholic solution of kola- 
tannin, resulted in the formation of a hexabrom derivative, we 
wished to prepare a hexabrom pentacetyl derivative by brom- 
inating the pentacetyl derivative in the same manner. 

Analysis of the resulting product showed, however, that con- 
trary to our expectations, not a hexabrom, but a pentabrom, 
derivative was formed, identical with the one described in the 
preceding section. The analytical results obtained were as fol- 


lows : 
Found. Calculated for 

By combustion. I. II. C,gH, ,Brg(CgH30);O¢. 
COCO i:46.509'6064)60:0 eccccccce 33-19 32.97 33-02 
Hydrogen........ seesesesees 2.60 259% 2.95 
Oxygen seceee cbeceecesee voes 21.90 21.95 22.01 

By silver salt. 
Bromine .ccccecccccccccccccs 42.31 42.37 42.32 

By saponification. 
Acetyl] .--eeececccececcce vee 22.31 22.47 22.75 


HEXABROM KOLATANNIN. 
By treating an alcoholic solution of kolatannin with bromine 
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in considerable excess a hexabrom compound is formed, which 
is separated in the same way as the tetra- and pentabrom deriv- 
atives. It is darker colored than either of the others, has a very 
distinct odor of bromine, and is soluble in the same media as the 
other bromine compounds. It was analyzed with results stated 
next below : 


Found. Calculated for 
By combustion. je II. Ci6H,4Br,O,. 
Carbon -eceeeccccee cece cccnces 23.48 23.57 23-59 
Hydrogen «---..sseeeeeeeeeeee 1.68 1.79 I-72 
OXYZEN- seer cece cece ccececees 15.73 15.38 15.73 
As silver salt. 
VGMINE 6 0.06.sooeicnwe sagem ener 59.11 59.26 58.96 


TETRACETYL HEXABROM KOLATANNIN. 
(From Hexabrom Kolatannin.) 

This acetyl compound was prepared in the usual way by boil- 
ing with acetyl chloride and was supposed, before analysis, to 
be a pentacetyl derivative. It had adark yellow color, a faintly 
pungent taste anda slight odor of bromine and acetic acid. 
Soluble in chloroform and in alcohol, insoluble in water. The 
analytical results which are next stated show it to be a tetrace- 
tyl hexabrom tannin: 


Found. Calculated for 

By combustion, ° II. Cy gH, 9Breg(CgHs0),O,. 
CASDOM, 6 600s v0 00ds se tevesecres 29.57 29.39 29.33 
Hydrogen «+++ esse ceece cece 2.21 2.32 2.25 
Oxygen e8C On CECH Re EEe Cee wee 19.41 19.21 19.55 

As silver salt. 
BrOmine «occ cccccccccesccccece 48.81 49.08 48.87 

By saponification. 
Acetyl] ---- cece cece cree cece +++ 16.86 17.19 17.52 


INDICATIONS OF MOLECULAR CONSTITUTION. 


From the analytical results of the pentacetyl pentabrom tan- 
nin and of the hexabrom compound with its tetracetyl deriva- 
tive, it appears that the total number of groups or atoms which 
may be substituted in the way described is ten; that if five of 
acetyl be introduced first, only five bromine atoms may be sub- 
stituted for hydrogen, but that if the bromine be introduced first, 
six bromine atoms can be introduced by carrying bromination 
to the limit, and in this hexabrom compound only four hydroxyl 
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groupsremain. ‘This appears to indicate that the sixth bromine 
atom introduced bears a relation to the molecule in some respect 
different from that of any other bromine atom. But it might be 
expected that a limit would be reached in the total number of 
negative groups or atoms which can be retained in the molecule. 
The greatest number of acetyl groups probably indicates the 
entire number of hydroxyls. Anda balance of evidence seems 
to favor the conclusions that there are six atoms of hydrogen 
directly united with the carbon of a benzene chain. These 
numbers are all in ratio to sixteen atoms of carbon. That the 
nolecule contains C,,, or some multiple of this, appears from the 
quantitative results. We attempted to find the molecular weight 
of kolatannin, tribrom kolatannin and pentacetyl tribrom kola- 
tannin by the cryoscopic method, but the results so far obtained 
are utterly meaningless. Further indications of moloculer con- 
stitution may be drawn from a study of the anhydrides, account 
of which next follows, also from the results of the action of acids, 
and especially from the products by fusion with alkali, all 
stated further on in this paper. 


THE ANHYDRIDES OF KOLATANNIN AND THEIR 
DERIVATIVES. 


By judiciously heating kolatannin several anhydrides may be 
prepared, as described below, the amounts of water driven off 
varying with the temperature and the duration of its applica- 
tion. The first anhydride of the series, that in which two mole- 
cules of tannin lose one molecule of water, and whose empirical 
formula is (C,,H,,O,),0, is formed by heating kolatannin at 
107°-110° to constant weight. This anhydride is darker colored 
than the tannin from which it is prepared and is less soluble in 
water. The second anhydride, by an oversight, we did not 
attempt to prepare. If we may judge by the temperature 
required for the preparation of the first, third and fourth mem- 
bers of the series, this one would result from heating the tannin 
a sufficient time at 120°-125°. Its theoretical formula is C,,H,,O,. 
The third anhydride, (C,,H,,O,),0, results from heating the 
tannin at 135°-140°. It is dark reddish brown and nearly or 
quite insoluble in water. The fourth anhydride, C,,H,,O,, is 
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dark brown, insoluble in water, and is the result of heating 
kolatannin two hours at 155°-160°. 

These anhydrides are all soluble in alcohol, and in solution of 
kolatannin of sufficient concentration. 


FIRST ANHYDRIDE. 


The method of preparation has been describea in the prece- 
ding section. This is a yellowish red body, soluble in water, in 
alcohol, and in dilute alkali solutions. The calculated loss of 
weight of the tannin in preparing this anhydride was 2.65 per 
cent. ‘The observed loss of weight was 2.77 per cent. The body 
was subjected to combustion with the following stated results: 


Found. Calculated for 

i II. (CygH1907)40. 
Carbon ..cccee sees cvccce cece 58.27 58.39 58.18 
Hydrogen ....-. see eeeeeeee 5-38 5-61 5-45 
OXYQZEN- +e ee cere ce eeeeceneee 36.35 36.00 36.37 


FIRST ANHYDRIDE OF TRIBROM KOLATANNIN. 


The first anhydride of kolatannin was dissolved in water and 
precipitated by adding an excess of bromine, collecting the pre- 
cipitate by filtration, and drying exactly as described in the 
method of preparation of tribrom kolatannin. It is soluble in 
the same media as tribrom kolatannin, is darker colored, is 
odorless and tasteless. Analysis of it proved to be an anhy- 
dride of tribrom kolatannin. 


Found. Calculated for 
By combustion. I. II. (C\gH,.Br30,),0 
Carbon «ccc cece cece cccves 33.61 33-80 33-86 
Hydrogen «----++eeeeeee sees 2.92 2.76 2.65 
Oxygen aise otulememeehkw aares 21.31 21.17 21.16 
As silver salt. 
Bromine «+--+ cece cece cece cece 42.16 42.27 42.33 


FIRST ANHYDRIDE OF TETRABROM KOLATANNIN. 


Prepared in the same way as tetrabrom kolatannin, using in 
this case the first anhydride of kolatannin. It is hardly to be 
distinguished from the other tetrabrom compounds in appear- 
ance or other sensible properties. It was analyzed with the fol- 
lowing stated results: 
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Found. Calculated for 
By combustion.  * II. (C)gH,,Br,O,),0. 
Carbon .-cccccccccvccccccone 29.47 29.66 29.72 
Hydrogen pbbe ebetMe were e ee 2.37 2.21 2.17 
Oxygen -ocesee cece cose ccvess 18.57 18.42 18.58 
As silver salt. 
PRE ccc ts ceen nadie 6senns 49-59 49.71 49.53 


FIRST ANHYDRIDE OF HEXABROM KOLATANNIN. 


, This was prepared by adding a considerable excess of bro- 
mine to the alcoholic solution of the first anhydride of kolatan- 
nin, and separating the product in the usual way. It is dark 
red, tasteless, and has a faint odor of bromine; is insoluble in 
water, ether, and chloroform; soluble in alcohol and in dilute 
alkali solutions. It was analyzed with the following stated 


results : 
Found. Calculated for 
By combustion. I. II. (C,,H,3Br,g0,),0. 
CAORMIDNEY Ac wag cele bas \6.b)0 nee. ese 23.96 24.15 23.88 
Hydrogen aside alte Dea 6 elke 1.64 1.69 1.49 
OXYZeN. see cece veneer ceeees 14.61 14.57 14.93 
As silver salt. 
Bromine occcccccccescccccves 59-79 59-59 59-70 


THIRD ANHYDRIDE OF KOLATANNIN. 


The method of preparation has been described. The calcu- 
lated loss of weight on heating the tannin was 7.96 per cent. ; 
the observed loss was 8.16 percent. It is a red-brown powder, 
odorless, nearly tasteless, but somewhat astringent. Soluble in 
alcohol and in alkali solutions, insoluble in water, ether, and 
chloroform. It was analyzed with the following stated results : 


Found. Calculated for 

By combustion. ie II. (Cy—4Hy7O@) 20. 
RP OON: 65:6 ¥'0'004.006.6.966800606 61.72 61.80 61.54 
Hydrogen... see eseeserees 5-29 5.46 5.13 
Oxygen CR POC OR CECE OE OOS Dees 32.99 32.74 33-33 


The bromine derivative of this anhydride and those of the 
fourth anhydride to be described further on in these pages, were 
prepared in a manner strictly analogous to those already 
described. 


THIRD ANHYDRIDE OF TETRABROM KOLATANNIN. 


A dark-brown, tasteless powder having a faint odor of bromine. 
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Insoluble in water, ether, or chloroform ; soluble in alcohol and 
in alkali solutions. The analytical results were : 


Found. Calculated for 
By combustion. I. II. (CigH;3Br4O,).0 
CREB OR 6 cca ke. veadena eo ew neumye 30.59 30.73 30.57 
Hydrogen.....-ccccceccceccees 1.99 1.81 1.91 
OXY Ze. eeee cece cecceeee cece 16.32 16.19 16.56 
As silver salt. 
BrOmine€ oecee cevcecccce secece 51.10 51.27 50.96 


THIRD ANHYDRIDE OF HEXABROM KOLATANNIN. 


A dark-brown, tasteless powder having a distinct odor of bro- 
mine. It is insoluble in water, ether, and chloroform ; soluble 
in alcohol and in alkali solutions. 

The analytical results were : 


Found. Calculated for 
By combustion. I. II. (C,,H,,Br,0,),0 
Casha «ccc cccevececscceevcese 24-04 24.39 24.43 
Hydrogen coer cece cecccceece Ge 1.52 1.38 1.27 
OXYZeN «oes ee ceeccecccccsccees 13.22 12.88 13.23 
As silver salt. 
Bromine .--- eee -ceccccccececs 61.22 61.35 61.07 


FOURTH ANHYDRIDE OF KOLATANNIN. 


This was prepared in the way previously described. The cal- 
culated loss of weight attendant upon its preparation from kola- 
tannin is 10.61 per cent. The observed loss is 10.78 per cent. 
It is a dark-brown, odorless, tasteless powder, soluble in alcohol 
and in alkali solutions; insoluble in water, in ether, and in 
chloroform. It was analyzed with the following stated results : 


Found. Calculated for 
I. I. Ci 6H 160g. 
Cashon oooe ccccececccececses ee 63.20 62.98 63.37 
Hydrogen cove coes cocceoccecse 5-09 5.16 4.95 
OXYQEMscscerscvecececccevcese 31.71 31.86 31.68 


FOURTH ANHYDRIDE OF TETRABROM KOLATANNIN. 


A dark-brown, tasteless powder having a faint odor of bromine. 
Soluble in alcohol and in alkali solutions ; insoluble in water, in 
ether, and in chloroform. It was analyzed with the following 
stated results: 
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Found. Calculated for 
By combustion. I II. CyaH jgBryUg. 
SMPTE a 65 $id SAX 2naees cewies 30.91 30.68 31.02 
Hydrogen ali Sek aan ski aeane 1.05 1.86 1.78 
OXYQZEN «+o ee cere cece rece cece 15.40 15.58 15.51 
As silver salt. 
Bromine ..0+ cece sccecccccece 51.74 51.88 51.69 


FOURTH ANHYDRIDE OF HEXABROM KOLATANNIN. 


A very bark-brown powder having a distinct odor of bromine. 
Soluble in the same media as the previously described bromine 
compounds. The analytical results are: 


Found. Calculated for 
By combustion. I if, Cy aH oBrgOg. 
CBP DO <'66 d:0: 6 0:6'9'0:0) 6 0:0:0: 0: 6:00 24.96 24.79 24.7% 
Hydrogen. ..-. ss. sees eeeees 1.39 1.21 1.16 
Oxygen ----- ee ceeeee cece eens 11.70 12.01 12.35 
As silver salt. 
Bromine «+++ sees reece e coer 61.95 61.89 61.78 


PRODUCTS OF THE ACTION OF DILUTE ACIDS UPON KOLATANNIN. 


When kolatannin is boiled with dilute sulphuric or dilute 
hydrochloric acid, it first passes into solution, and on continued 
boiling a reddish precipitate is formed, which becomes gradually 
darker the longer the heating is kept up. ‘This precipitate is / 
collected by filtration and well washed with water, in which it is 
insoluble. It is also insoluble in alcohol, and only partially sol- 
uble in alkali solution. Combustions of this substance, while 
giving fair duplicates for the same sample, indicates that its com- 
position is not uniform and constant. Samples Nos. I and IV 
were prepared by boiling kolatannin with six per cent. sulphuric 
acid, in a flask fitted with a return condenser; No. II by heat- 
ing the tannin and dilute acid in a sealed tube; No. III by 
boiling the tannin and dilute acid in a beaker with occasional 
addition of water to compensate for evaporation; No. V by 
boiling caffein tannate with dilute acid in a flask fitted with 
return condenser; No. VI is the result of combustion of a simi- 
lar substance made and reported last year.’ 


fi Il. III. IV. v. VI. 

Av.of2. Av.of2. Av.of2. Avofz2. Av.of2. Av. of2. 

Carbon -... 53.60 50.45 51.27 56.38 54.49 69.20 
Hydrogen. 5.34 4.85 5-24 5.69 5.87 6.70 
Oxygen--- 41.06 44.70 43.49 37-93 39:64 24.10 


1 Knox and Prescott, 1896 : This Journal, 19, 89. 
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This aqueous filtrate was shaken out with ether, the residue 
after evaporation of the ethereal solution was redissolved in 
water and boiled a short time, which caused precipitation of the 
coloring-matter. Then filtering, it was again extracted with 
ether, and the operation repeated several times. At length the 
etheral solution left a nearly colorless residue on evaporation, 
which responded to the tests for protocatechuic acid. Oak bark 
tannin also, when subjected to similar treatment with dilute 
mineral acids, yields protocatechuic acid. 

Etti, Bottinger, and Lowe each mention the insoluble red 
body formed from oak tannin on boiling it with dilute acids and 
consider it an anhydride. They do not agree on which of the 
anhydrides itis, however. In fact, as already mentioned, there 
are many points in their work on tannins on which they were at 
variance. Etti' found gallic acid in the acid filtrate. Lowe’ 
does not mention having examined the liquid for bodies other 
than sugar. Trimble,’ however, whose work is the most recent, 
found protocatechuic acid as a by-product, ineverycase. Hedoes 
not commit himself on the question of whether the dark brown, 
amorphous, insoluble substance, separated from tannin by the 
action of hot dilute acids, is an anhydride. 

Whatever may be the relation of the body separated in this 
way from oak bark tannin to the original tannin, there does not 
as yet seem to us to be any good reason for considering the cor- 
responding substance precipitated from acid solutions of kola- 
tannin, an anhydride of kolatannin. ‘The evidence thus far is 
against it. Boiling with dilute mineral acids is in general a 
means of hydrolysis, rather than anhydrolysis; we would there- 
fore expect saponification instead of anhydride formation; as a 
matter of fact an aromatic acid—protocatechuic—has been found 
in the acid filtrate after collecting the insoluble red substance in 
question, while if the reaction were one of simple anhydride 
formation, no by-product should be present. If the red-brown 
substance were an anhydride of kolatannin, we would expect it 
to have a higher percentage of carbon than the original tannin, 


but in most cases combustion indicates a lower percentage of 
1C. Etti, 1884; Ber. d chem. Ges., 17. 1820. 
2J. Lowe, 1881: Zéschr. anal. Chem., 20, 208. 
8H. Trimble: ‘‘ The Tannins,” II, p. 92. 
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carbon. We would also expect to find the body of uniform com- 
position when prepared by similar means, but the analyses just 
mentioned show that it is very variable in content of carbon and 
hydrogen, while its appearance also varies from red to dark 
brown. At present no more can be said of this body than we 
have already said; vzz., that it is red or dark brown, amorphous, 
insoluble in water, in alcohol, in ether and in chloroform, only 
partially soluble in dilute alkali, and that it is a decomposition 
product obtained by boiling kolatannin, or caffein kolatannate, 
with dilute mineral acids. 

Knebel’s' ‘‘ kolaroth’’ is a body obtained in the same way, 
except that he prepared it from caffein kolatannate, or as he 
supposed ‘‘kolannin,’’ which was the alleged ‘‘ caffein-bearing 
glucoside’ of kola. Inasmuch as the free tannin of kola and 
that combined with caffein are identical, as will appear further 
on inthese pages, it makes no difference which kind of it is used 
for this purpose. Knebel, however, worked with caffein tannate 
from the dried drug, while our work has been entirely on that 
from the fresh drug. He fails to give the figures of his combus- 
tion, but Hilger’ reports the following stated results : 


Found. Calculated for 

2 II. C,4H,3(OH),- 
CEFDOM codec cecsccvessvevees 63.09 62.65 63.16 
Hydrogen. +--+ sseeseeeee cers 6.85 6.50 6.75 
Oxygen Ee Se Pres 30.06 30.85 30.09 


This calculated formula does not differ widely in carbon con- 
tent from that calculated for the fourth anhydride of kolatannin, 
tit Es 


Calculated for 


CoH 160c- 
he ne eee ee eee ye er re aT rR eee 63.37 
Hydrogen --+- seer ccccee cece cen ccee cece ncee cece cvcces 4.95 
OXYQEM cece cece rece eee cece eens eeeeee tees eeec eens cece 31.68 


The hydrogen is rather high, however, which makes the oxy- 
gen correspondingly low. The results of an analysis of a body 
like the one Hilger analyzed might have been constructed to indi- 
cate it as a member of the anhydride series, and inasmuch as 
he found a substance yielding analytical figures nearly coinci- 


1K. Knebel, 1892: Apoth. Zig., 7, 112. 
2A. Hilger, 1893: Vterteljahr./. offentl. Gesundpfig , 25, 559. 
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ding with those just given for the fourth anhydride, it is perfectly 
reasonable to suppose that if we had made combustions of a 
larger number of samples, we might have obtained some results 
which could be used in support of the idea that these decompo- 
sition products of tannins are simple anhydrides of them. Our 
experience has taught us that the composition of this product is 
by no means constant with the means used in its preparation, 
and we saw no good reason for selecting the figures of one com- 
bustion from those of a dozen others, presumably as near cor- 
rect, merely to give support to a theory. 

It is somewhat puzzling that Knebel and Hilger have found 
this body of uniform composition. As a matter of fact Knebel 
reports no figures in support of his claim, and Hilger reports 
only two combustions; still it would be supposed that before 
assigning a formula to a body of this kind a larger number of 
combustions would have been made, and with different samples. 
We do not feel justified in accepting the formula C,,H,,(OH), 
proposed by them for it, nor do we at present possess sufficient 
data for a formula. We do not even know that it is not a mix- 
ture of two or more substances ; and although we have not made 
any separation of them, it seems to us more probable than other- 
wise that it is a mixture in varying proportions of certain 
products of decomposition of kolatannin. 

The suggestion of Knebel that the tannin of kola is an oxida- 
tion product of ‘‘kolaroth’’ according to the equation 

C,,H,,(OH), + 40, = C,,H,,0, + 4H,O 
Kola red. Gallotannic acid. 
is untenable for the twofold reason that we do not find kola- 
tannin or this decomposition product of it to be so readily oxi- 
dizable as stated by him, and furthermore, the kolatannin is not 
identical with gallotannic acid, the formula of which he has 
given in the above equation as the formula of kolatannin, nor 
have we at any time found any gallotannic acid present in kola. 

Knebel claims to have prepared a pure product of his kolaroth 
from the acetyl compound of it; and he further claims that the 
exact separation of kolaroth may be had by boiling his so-called 
‘“‘kolanin’’ (caffein kolatannate) with acetyl chloride, whereby 
an acetyl compound of ‘‘kola red’’ is formed, and is separated 
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by pouring the mixture of acetyl chloride and caffein kolatannate 
into water. The acetyl compound of kola red is thus precipi- 
tated and the glucose and caffein pass into solution. 

Let us examine this statement in the light of the recent knowl- 
edge of the chemistry of thisinteresting drug. First, as conclu- 
sively proven by us last year, the body called ‘‘ kolanin’’ is not 
glucoside composed of caffein, glucose and ‘‘kola red,’’ but is 
a combination of caffein with the tannin of kola, C,,H,,O,, 
and with anhydrides of that tannin, in varying proportions, 
depending largely on the method used to separate it from the 
drug. And it contains no glucose whatever, for we have since 
learned that the evidence of sugar found in it, and in free kola- 
tannin, last year, and reported in our paper, was due to the acci- 
dental presence of glucose from a faulty method of separation. 
Moreover, acetyl chloride does not effect an exact separation of 
the caffein from this combination. We prepared an acetyl 
derivative of caffein kolatannate exactly as done with the other 
acetyl products and analyzed it, with the following results ; 


oe Pee EL re a eC OT 58.30 
Hydrogen --++ sees sceeccrcecccrceeresccrccecenscecens 4.85 
NitrOPEN <0 o'0:0c00e sone vecs veeces cece ceeces seesesseces 2.54 
OXYQEM cece cece ce cece cece cee cere rcce eens cecceseeeees 34.31 


The nitrogen content corresponds to 8.79 per cent. of caffein. 
The caffein kolatannate from which this acetyl compound was 
made contained 6.53 per cent. nitrogen, corresponding to 22.6 
per cent. caffein. Caffein was also found in the liquid from 
which the acetyl compound was filtered. The separation then 
is not complete and the acetyl compound is not a pure acetyl 
compound of caffein kolatanuate, nor was it expected to be: for 
as caffein kolatannate contains kolatannin and some of its anhy- 
drides, both capable of forming acetyl compounds, it naturally 
follows that any acetyl derivative prepared will not be a simple 
derivative of one of the bodies, as stated by Knebel, but will be 
a mixture of acetyl derivatives of the tannin and its anhydrides, 
probably in the proportions in which they existed prior to the 
operation. With this understanding of it, it is difficult to see 
how Knebel could have prepared the pure and simple acetyl 
compound in the way stated by him. 
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THE QUESTION OF SUGAR PRODUCTION. 


Results were obtained in our work last year which seemed to 
indicate that kolatannin was a glucosidal body. We wished to 
investigate this question more fully, and have done so in the fol- 
lowing described way : 

Kolatannin was dissolved in water and precipitated by lead 
acetate, and the collected lead salt washed with water for sev- 
eral hours; the lead salt was then decomposed by dilute sul- 
phuric acid, the lead sulphate filtered out, and the acid filtrate 
boiled for four hours in a flask fitted with a return condenser. 
The acid strength was supposed to be about five to six per cent. 
The insoluble matter was filtered out, the acid removed by ad- 
dition of barium carbonate, and the liquid again filtered ; the 
coloring-matter was precipitated by lead acetate and the precip- 
itate removed by filtration, after which the remaining lead 
acetate was removed by hydrogen sulphide. The filtrate was 
boiled to remove all the hydrogen sulphide, and made alkaline 
with a little sodium hydroxide solution. The liquid was still 
slightly colored. It was tested with Fehling’s solution, and 
gave a red precipitate. A portion of it, made slightly acid with 
acetic acid, gave negative results when the osazone test was ap- 
plied, and a control test made at the same time, using’a little 
solution of grape sugar in addition, gave the well-known yellow 
precipitate. This showed that there was no interference with 
the phenylhydrazin test. Basic lead acetate solution was added, 
which precipitated the traces of coloring-matter in the solution, 
and, after removing the excess of lead, the solution was tested 
with Fehling’s solution again, with negative results this time. 

This experiment was repeated in a slightly different way, as 
follows: The well-washed lead salt of about one gram kolatan- 
nin was heated for two hours at 110° C. in a sealed tube with 
thirty cc. hydrochloric acid, the tube then opened and the con- 
tents filtered to remove lead chloride and the amorphous red 
decomposition product of kolatannin. The filtrate was red-col- 
ored and was shaken out several times with ether. The ethe- 
real solutions were set aside for further examination. The fil- 
trate was then boiled to remove the traces of ether, and exactly 
neutralized with sodium hydroxide, after which basic lead 


= 
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acetate solution was added until no further precipitation occurred, 
the precipitate removed by filtration, and the excess of lead salt 
precipitated as lead sulphate by cautious addition of dilute sul- 
phuric acid. The solution was again filtered, made slightly 
alkaline with sodium hydroxide solution, and tested with Feh- 
ling’s solution with negative results. 

The importance of using basic lead acetate to precipitate the 
coloring is shown by the fact that if only normal acetate be used 
a small amount of coloring-matter is left in solution and gives a 
precipitate with Fehling’s solution, while if basic lead acetate be 
employed, all the coloring-matter is removed and the copper so- 
lution is not affected. 

In the ethereal solution, protocatechuic acid in small quantity 
was found, as stated in another part of this paper. 

The experiments described having given negative results, the 
interpretation is made that kolatannin is not a glucoside and that 
the evidence we had to the contrary last year was caused by the 
incomplete removal of the glucose of the plant, due to a faulty 
method of separation for the tannin, since discarded by us. 

It is significant that this result places kolatannin in a category 
and gives it a character essentially different from the character 
of caffeotannic acid, as understood by the chemical world from 
the report of Hlasiwetz. 


ACTION OF FUSED ALKALI. 


Fifteen grams kolatannin were fused for two hours with potas- . 
sium hydroxide, the fused mass cooled and acidulated with sul- 
phuric acid, after dissolving it in water. Without filtering the 
mixture, it was shaken out with ether, the successive portions 
of this solvent united and evaporated. The residue was dis- 
tinctly crystalline, the crystals assuming an arborescent form for 
the most part. This residue was purified several times by re- 
crystallization, after which it was dissolved in water and sub- 
mitted to tests. Protocatechuic acid and phloroglucin were 
found to be present. 


ACTION OF HEATED GLYCERINE. 


One gram kolatannin was heated with three cc. glycerine ina 
porcelain capsule for twenty minutes at 195°-200°. Fifty cc. 
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water were then added and the. mixture was shaken out with 
ether. The residue left on evaporating the ethereal extract was 
found to contain protocatechuic acid, by chemical tests. 


KOLATANNIN FROM CAFFEIN KOLATANNATE. 


It has thus far not been found practicable to substitute other 
means of separation of this tannin from its caffein salt for the 
treatment by lead hydroxide, although the disadvantages of this 
agent are fully appreciated. It is, however, much to be preferred 
to lead acetate in this particular case, as lead acetate precipitates 
some caffein tannate along with the lead tannate, and the result- 
ing tannin is apt to be contaminated accordingly. 


PREPARATION OF THE SAMPLE. 


The caffein tannate is dried on porous plates and finely pow- 
dered and sifted; it is then washed with a mixture of ether and 
chloroform to remove any traces of adhering fat, and dried again. 
It is then washed with ice-cold water by agitation, drained and 
washed again until the washings give no precipitate of silver 
chloride on being treated with solution of silver nitrate acidulated 
with nitric acid. The caffein kolatannate is now dissolved in 
dilute alcohol, making a very concentrated solution ; this solu- 
tion is filtered and poured into ten or twelve times its volume of 
ice-cold water, whereupon the caffein compound is reprecipitated. 
It is collected by filtration, drained well and redissolved in dilute 
alcohol, using gentle heat on the water-bath. Freshly precipi- 
tated lead hydroxide triturated to a smooth paste with warm 
alcohol is now added in excess and the mixture warmed on the 
water-bath for a few minutes, with stirring. The precipitate is 
now allowed to subside, and if sufficient lead hydroxide has been 
added the supernatant liquid will be colorless or faintly straw- 
colored, while the precipitate of lead kolannate mixed with lead 
hydroxide forms a compact magma at the bottom of the container. 
The liquid, which contains kola alkaloids, is poured off and the 
precipitate is washed repeatedly with dilute alcohol, first by de- 
cantation and then by filtration, until several cc. of the filtrate 
evaporated in a porcelain dish leave no perceptible residue and 
give no test for caffein. The precipitate iscompact and is much 
more readily washed than that given by lead acetate. It is then 
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suspended in dilute alcohol and treated with hydrogen sulphide 
until the tannin is all liberated. The lead sulphide is then fil- 
tered out and washed with dilute alcohol until the washings are 
colorless. ‘The filtrate is concentrated by distillation zz vacuo 
to small volume, and eight or ten volumes of water are added. 
This precipitates a reddish mass, a mixture of certain anhydrides 
of kolatannin, which is filtered out and set aside. The filtrate 
containing tannin together with dissolved anhydrides is now 
shaken with ether once or twice, andthe washings thrown away. 
Then ethyl acetate is added and the tannin separated and puri- 
fied in the way already described, under the method of prepara- 
tion of kolatannin. 

This ‘‘ combined’’ kolatannin, although not quite as light-col- 
ored as the ‘‘ free tannin’’, shares all its reactions and _ solubili- 
ties. 

COMBUSTION OF ‘‘COMBINED’’ KOLATANNIN. 

It was analyzed by combustion and the following results ob- 
tained, which coincide very closely with those resulting from 
combustion of the ‘‘ free’’ tannin : 


Found. Calculated for 
E II. III. CiaHe00s. 
Carbon....+++seee-- 56.53 57-78 56.42 56.45 
Hydrogen..---+++++. 5-68 5-79 5-74 5-90 
Oxygen +--+ sree cece 37-79 37-43 37-84 36.65 


THE PENTACETYL COMPOUND. 

This was prepared in the same manner as the other acety] de- 
rivatives and is identical with the pentacetyl compound of ‘‘ free’’ 
kolatannin, heretofore described. 

The analytical results are as follows : 


round. Calculated for 
By combustion. z; II. III. CisH)5(CgHs0)50,. 
Carbon.....eeeeeeee 56.75 56.44 56.61 56.72 
Hydrogen....--+++. 5-54 5-41 5.31 5:47 
OXYZen ---++ coeeee Ay 38.15 38.08 37.81 
By saponification. 
Acetyl ..+--+eeeeeee 38.27 38.53 38.68 39-09 


THE BROMINE COMPOUNDS. 
These were prepared in identically the same way as the cor- 
responding ones of the free tannin. In appearance and proper- 
ties there seems to be no difference between these and those of 
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TRIBROM DERIVATIVE. 


Found. 
By combustion. i II. 
COCO sb écceseee teeeeee 33. 33-25 
Hydrogen....+--+---+ 2.84 2.98 
Oxygen Se melak Gola aM eae 22.50 22.13 
As silver salt. 
Bromine «--+ eeeees cone 41.57 41.64 
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free kolatannin, and for the sake of brevity we shall omit further 
description and confine ourselves merely to the statement of ana- 
lytical results in each case. 


Calculated for 


III. Ci,H,,Br3Os. 
ee 33-28 
2.95 
sees 22.19 
41.74 41.58 


PENTACETYL TRIBROM DERIVATIVE. 


(Formed by acetylizing the tribrom derivative.) 


Found. Calculated for 
By combustion. I. II. III. C,,H,9Br3(C,gH30)50s- 

CARNE 62026 cc helee ne 39.64 39.82 ada 39-65 
Hydrogen .......... 3.47 3.61 ne 3-44 
OXyZen.---++eeeeeeee 26.44 25.94 a 26.43 

As silver salt 
Bromine...... seeeee 30.45 30.63 30.71 30.48 

By saponification. 
Acetyl ---- eee ceeese 26.66 26.97 + 27.32 


TRIBROM PENTACETYL DERIVATIVE. 


(Formed by brominating the pentacetyl derivative.) 


Found. Calculated for 

By combustion. I. II. III. C,gH,gBrg(CgH3O0),0¢. 
Carbon ...-e cece cece 39.88 40.15 ls 39.65 
Hydrogen...---++++- 3-26 3-45 vee 3-44 
OXYZeN ee eeeeeeeeeee 26.34 25-74 +. 26.43 

As silver salt. 
Bromine ----+--- +++ 30.52 30.66 30.57 30.48 

By saponification. 
Acetyl .-.+seecee cece 26.78 27.04 . 27.32 


TETRABROM DERIVATIVE. 


Found. 

By combustion. x. II. 
Carbon ..--.--+++ eee 29.13 29.35 
Hydrogen..--+-+++++- 2.29 2.46 
Oxygen .-----eeeeeee 19.86 19.30 

As silver salt. 

Bromine «+++ +++. e+e 48.72 48.89 





Calculated for 
Ci 6H ¢Br,Og- 


29.27 
2.44 
19.52 


48.77, 
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PENTACETYL TETRABROM DERIVATIVE. r 
Found. Calculated for I 
By combustion. y = II. C, gH; Bry(CgH30) 50g. é 
Carbon ..00- cccccccces 36.12 36.33 36.03 
Hydrogen .«.-.+--.-+6. 2.78 2.96 3.01 t 
Oxygen..-ceeeeeeeeeee 24.33 23.78 24.02 
As silver salt. s 
Bromine .....--eeeseee 36.77 36.93 36.94 t 
By saponification. 
Acetyl] --++seeeeeeceece 24.64 24.78 24.83 C 
PENTABROM PENTACETYL DERIVATIVE. t 
(Formed by brominating the pentacetyl derivative.) . 
Found, Calculated for 
By combustion. I. Rx. Cy 6H yoBrs(CgH30)5O0¢. 
Carbon ..--.cceecccece 33-23 32.98 33.02 
Hydrogen ..----++-++- 2.62 2.72 2.65 
Oxygen ..--sseseeseees 21.71 21.78 22.01 
As silver salt. 
Bromine ...---scccses 42.44 42.52 42.32 
By saponification. ’ 
Acetyl] .ccceessecsecess 22.49 22.26 22.75 
HEXABROM DERIVATIVE. 
Found. Calculated for 1 
By combustion. z: EF, C)4H;,BrgO,. 
CORE desc crcecescses 23.85 23.68 23.59 
Hydrogen..--....+++.- 1.67 1.83 172 
Oxygen Saba Gene weead 14.76 14.72 15.73 ; 
As silver salt. 
Bromine «--.2+ +++ ee 59.62 59.77 58.96 
TETRACETYL HEXABROM DERIVATIVE. 
Found. Calculated for 
By combustion. I. i, C1¢Hy 9 Brg(CgH sO) ,Og. 
Carbon ---eee sees eeeee 29.66 29.92 29.33 
Hydrogen..-..+-++++++- 2.46 2.29 2.25 
Oxygen viene oe ae 18.73 18.55 19.55 
As silver salt. 
Bromine ...-.eeeeeeeee 49.15 49.24 48.87 
By saponification. 
Acetyl ...seeeeee cece 16.48 16.73 17.52 


KOLATANNIN ANHYDRIDES OBTAINED FROM CAFFEIN 
KOLATANNATE. 


The insoluble, reddish brown precipitate, formed on addition 
of cold water to the tannin solution after the separation of the 
tannin from its lead salt, as mentioned in the method of prepa- 
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ration of ‘‘combined’’ kolatannin, was well washed and dried at 
100°. Combustion of this showed a carbon percentage interme- 
diate between that of the second and third anhydrides of kola- 
tannin. 

As the solubilities of the anhydrides appear to be about the 
same, we were unable to effect a separation of them, and for 
this reason we heated the (supposed) mixture at 135°-140° to 
constant weight, in order to convert it all if possible into the 
third anhydride. It was then subjected to another combustion 
with the following results : 


Found. Calculated for 

3 II. (Cy9H170¢)90- 
Carbon .-cccccccccccceee cee 61.27 61.46 61.54 
Hydrogen vetcesdenetunen dene 5.28 5-43 5-13 
Oxygen PTTeCReLe E 33-45 33-3 33-33 


These results agree very well with the calculated formula and 
with those obtained by combustion of the third anhydride of so- 
called ‘‘free’’ tannin of kola. 

The identity of the tannin of caffein tannate with the free tan- 
nin having been positively settled by the analyses already given, 
and by one or two evidences yet to be stated, it was deemed un- 
necessary to make a further comparative study of its bromine 
derivatives. 

ACTION OF DILUTE ACIDS. 


The experiments described as having been performed on 
‘‘free’’? kolatannin, were repeated on this kind of kolatannin 
also with parallel results. The same is to be said of the prod- 
ucts of fusion with potassium hydroxide and of heating with 
glycerine. 


FURTHER INDICATION OF MOLECULAR CONSTITUTION. 


Whether there be a carboxyl in kolatannin or not, remains 
open to question and to further determinations. Its moderate 
acid character is not inconsistent with the negative polarity of a 
polyhydric phenol, reinforced by the oxygen of an anhydride 
group, yet destitute of entire carboxyl. Our numerous analyses 
of kolatannin and its several derivatives as described in this 
paper, are in close agreement with a polyhydric phenol anhy- 
dride carrying two methyl groups and one methoxy group, but 
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standing altogether as a di-addition benzene derivative, two 
such benzene nuclei pairing together in an ester-like anhydride. 
On this supposition, a monomethyl dihydrogen trihydroxyben- 
zoic acid has paired ester-wise with a monomethyl methoxydi- 
hydrogen trivalent phenol. The di-additive benzene constitution 
is not improbable among plant constituents of this class, finding 
parallel in the additive structure of the terpenes. If we admit 
the hypothesis of the molecular formula above indicated, we 
must predicate that one of the six hydrogen atoms joined to ben- 
zene-carbon is in position somewhat unfavorable to its bromine 
substitution, and when brominated quite preventing the acetyli- 
zation of one of the hydroxyls. Finally, there remains no 
proof as to the distribution of the hydroxyland methoxyl groups 
between the two benzene nuclei. 


C,H,(CH,) (OH), CO 
= C,,H,,0 


16 8° 


C,H,(CH,) (OCH,)(OH),O 
AS TO CHEMICAL BEARINGS UPON PHARMACOLOGY. 


Finally, it must be admitted that the stable caffein compound 
of an acid of such marked chemical individuality as that of kola- 
tannin can by no means be assumed to have the same _ physio- 
logical effects as free caffein. And this subject is one of phar- 
macological importance for the caffein of all the beverage plants. 

We are under many obligations to Mr. James Heggie, B. S., 
for his very efficient assistance in preparing and analyzing the 
various derivatives of tannin reported in the preceding pages. 


DISCUSSION OF RECENT ASSAY METHODS. 


Within the past year two processes for the assay of kola have 
been offered, which seem to us not to be free from objections. 
We give below the essential points of these methods without 
entering into unimportant details. 


METHOD OF JEAN.’ 


The author ascribes his plan of procedure in part to MM. 
Chodat and Chuit. He boils the dried and powdered drug with 
‘‘milk of lime,’’ dries the whole in an oven and powders it 


again. This powder is exhausted with chloroform, which 
1J. Jean, 1896: Repert. d. Pharm., (3), 7,49. 
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removes the free alkaloids. The chloroform is evaporated to 
dryness, the residue dissolved in hot water and filtered. The 
filtrate is evaporated to dryness and weighed as caffein. 

For ‘‘kolanin :’’ the drug, after treatment with chloroform, is 
extracted with alcohol, the alcohol, evaporated from the perco- 
late and the soft extract remaining is dissolved in boiling water, 
which solution, after cooling, is filtered. The insoluble matter 
remaining on the filter is dried in an oven and weighed as 
‘‘kolanin.’’ 

The most serious defects in the above-described method are 
(1) the boiling with ‘‘milk of lime,’’ (2) the prolonged heating 
necessary to dry the drug after that treatment, (3) weighing the 
caffein instead of estimating it with Wagner’s reagent volu- 
metrically, (4) the means employed to separate so-called 
‘‘kolanin,’’ (5) estimating caffein kolatannate (‘‘kolanin’’) by 
weight as such, instead of by its caffein content. 

(1) Boiling with ‘‘milk of lime,’’ or other aqueous alkalies, 
tends to decompose caffein—a fact to well known to require 
further comment. This treatment also tends to liberate caffein 
from its tannate, and thus prevents an exact determination of 
the proportion of ‘‘ free’’ to ‘‘ combined’’ alkaloid that originally 
existed in the drug. The starch of kola, amounting to nearly 
forty per cent.,’ causes the drug to become of a jelly-like con- 
sistence when boiled with aqueous liquids, and when dried the 
mass is very hard to powder, and even when powdered the con- 
dition of it is well calculated to resist the penetrating action of 
the solvent, and thus cause incomplete extraction. 

(2) The gelatinous condition of the drug after boiling with 
‘‘lime water’’ renders it hard to dry completely, and as very pro- 
longed heating is necessary, there is danger of loss of caffein by 
sublimation. 

(3) We do not consider that the alkaloids of kola are suff- 
ciently pure when removed in this, the usual manner, to be 
weighed as such; Gomberg’s’ volumetric method gives more 
accurate results. 

(4) If any caffein kolatannate escapes decomposition during 
the first part of the essay, which will occasionally happen, it is 


1 Knox and Schlotterbeck, 1895 : Proc. Am. Pharm. ASS0C.. 334. 
2M. Gomberg, 1896: This Journal, 18, 331. 
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removed by the extraction with alcohol. But as it is somewhat 
soluble in water and more soluble in aqueous solutions contain- 
ing tannin, the directions to collect and weigh the portion left 
undissolved by water will generally be found superfluous, for the 
small amount of it present will generally pass into and remain 
in solution. Dieterich' had this experience, and met with 
nothing but disappointment in trying to estimate caffein kola- 
tannate by this method. 

(5) Caffein kolatannate has been shown to be a body of some- 
what variable composition, with a caffein content ranging from 
nineteen to twenty-five percent. Inasmuch as the value of kola 
as a stimulant probably depends primarily on its percentage of 
caffein, and as the weight of its caffein compound indicates only 
approximately the amount of its combined caffein, there would 
not seem to be any reason for attaching much importance to the 
weight of this compound, if a very precise valuation of the drug 
is desired. We hold that a direct estimation of the caffein of 
this compound is preferable and at least as expeditious. 

METHOD OF CARLES.* 

Ten grams kola, one gram calcium hydroxide, and twenty 
grams eighty per cent. alcohol, are mixed together and dried on 
the water-bath until the weight is reduced to fourteen grams. 
The mixture is then powdered and transferred to a 100 cc. flask 
containing thirty-five cc. of a mixture of 100 parts chloroform 
and twenty parts alcohol, and heated one hour on a water-bath. 
After filtration the residue is extracted next with twenty cc. 
of the same solvent, and finally with ten cc. The united ex- 
tracts are evaporated to dryness, and the residue taken up with 
ten cc. boiling water containing four or five drops of one per 
cent. sulphuric acid, then with six cc., and finally with five cc. 
The solutions are united, filtered, evaporated to constant weight, 
and weighed as caffein. 

For ‘‘ kolanin,’’ which the author recognizes as caffein kola- 
tannate, another sample of the drug is taken and extracted with 
water to remove the caffein and other soluble constituents. 
The drug is next extracted with seventy per cent. alcohol, the 
extract evaporated to dryness, transferred to a filter, washed 


1 Dieterich, 1896; Chem. Centrbl., 2, 675. 
2P. Carles, 1896: /. Pharm. Chim., 16, 104. 
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with cold water, then dried at gentle heat and weighed. If it 
be desired to estimate the alkaloids of this compound, one gram 
‘‘kolanin,’’ one gram calcium hydroxide, and three grams chalk 
with a little seventy per cent. alcohol are mixed together and 
evaporated on the water-bath to about six grams, and extracted 
with alcoholic chloroform in the manner already described. 

The objections to this method are in part among those already 
mentioned in the discussion of Jean’s method. The use of lime 
or other alkalies in the assay of a caffein-bearing drug is to be 
deprecated. The solvent used is not a proper one for the reason 
that sufficient alcohol is present to extract other constituents in 
addition to the alkaloids, which are not removed from the caf- 
fein during the subsequent treatment of the residue, and which, 
when weighed with the caffein, lead to erroneous results. More- 
over, the manner of applying the menstruum is inconvenient, 
does not insure complete extraction, and is in no way preferable 
to the ordinary extraction by the use of Soxhlet’s apparatus. 
The addition of the sulphuric acid is unnecessary and does not 
add to the purity of the final product, which is dark-colored and 
very plainly impure. The objection to weighing a final residue 
as caffein, finds especial application in this method. 

As the properties of caffein kolatannate had not been made 
known very generally at the time of publication of these methods, 
there is some excuse for the assumption of both of these writers 
that it is wholly insoluble. Carles has proceeded on this hy- 
pothesis in directing the drug to be extracted with cold water to 
remove the water-soluble constituents before exhausting it with 
alcohol to remove the caffein compound, but inasmuch as caffein 
kolatannate is not only somewhat soluble in water, but consid- 
erably more soluble in solutions of caffein and of tannin, the ex- 
traction of kola by water will remove a considerable amount of 
it. The same isto be said of the final washing of the caffein 
compound with water, which is quite inadmissible in quantita- 
tive work. Carles seems to have recognized the uncertain value 
of gravimetric determinations of caffein kolatannate, and is to be 
commended for offering an alternate method providing for its 
valuation according to the amount of its alkaloids. 

At our request, Mr. James W. Cobb, Ph.C., has assayed a 
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sample of dried kola by each of the foregoing methods and by 
the method adopted by us last year,’ after thoroughly familiar- 
izing himself with them by preliminary work. 





Method of Method of Knox and 

Jean. Carles Prescott. 

is II. i i. : II 
Caffein by weight.....-. E93 2590: -2:I. 233. ssc sees 
The same titrated ...... Ss i971 2.87 198 1:06 1:88 
“Kolanin”’ .-ccsseseeeee none none 2.89 3.17) «+++ see 
Combined alkaloids .... ... eee cee 1.62 1.61 

Alkaloids of ‘‘kolanin’’ .--- .--. 0.59 0.69 

Total alkaloids .-- 1.83 1.74 2.46 2.67 3.58 3.49 


It will be seen that the impurity of caffein separated by Jean’s 
method amounts to 4.84 per cent., and that of the caffein by 
Carles’ method amounts to 14.25 per cent., which was deter- 
mined by titrating the caffein with Wagner’s reagent, after 
Gomberg’s method. 

Both give very low results as compared with those obtained 
by our own. They are tedious and otherwise unsatisfactory, in 
addition. 

Further notes on the assay of kola are in preparation. 

All the work reported upon in this paper has been done under 
the provision of the Stearns Fellowship of the University of 
Michigan. 


ANN ARBOR, MICH., AUGUST, 1897. 





NOTE. 


A Correction.—In the September number of this Journal the 
author, together with Mr. F. Thompson, published an article en- 
titled ‘‘A Preliminary Thermochemical Study of Iron and Steel,’’ 
in which they give the results obtained on a number of samples 
of iron and steel of different composition and which had been 
subjected to varying heat treatments. On taking up the work 
again this fall and reviewing critically the results of last year’s 
work, I find that there are at least two serious errors in the 
results that I wish to explain now in order to prevent anyone 
else from being misled by the conclusions drawn from the results 
as stated in the article. The statement that the loss by radia- 
1 Knox and Prescott, 1896: This Journal, 19, 73. 
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tion was only 0.24° in one hour was a mistake of observation. 
Careful determinations on this point, made recently, show that 
it must have been 1.24° instead of the former figure. The error 
from not taking into account the loss by radiation will amount 
to from about fifteen to forty calories per gram of metal, the loss 
depending on the time of solution. Another source of uncer- 
tainty, and one for which the author alone is responsible, is the 
fact that the solution used for dissolving the samples contained 
about four per cent. of free hydrochloric acid, and consequently the 
solution of the iron may not in all cases have proceeded accord- 
ing to the equation, Fe-+ CuCl, = FeCl, + Cu, and this copper 
redissolved according to the equation Cu + CuCl, = Cu,Cl.,. 
Part of the iron may have dissolved directly in the free hydro- 
chloric acid, and, since the heat absorbed in the decomposition 
of 2HCI1 is less than that necessary for the reduction of 2CuCl, 
to Cu,Cl,, more heat would be rendered sensible when a good 
deal of iron was dissolved directly in hydrochloric acid than 
when solution was effected through cuprous chloride. 

The work is being gone over again very carefully with view 
to eliminating any errors that may exist in the previous work, 
and I therefore request that judgment be suspended on the pre- 
vious work until further results may enable us to form a more 
reliable conclusion than could be drawn from our former data. 

E. D. CAMPBELL. 


ANN ARBOR, MICH., DECEMBER 14, 1897. 


ERRATUM. 
On page 942, line 5 (Vol. 19), for ‘‘antimony’’ read 
phorus. 





‘ 


* phos- 
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